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FUNCTIONAL INDEX 


type no, description page 
AMPLIFIERS 
NE542 dual low-noise preamplifier 91 
NE5532 internally-compensated dual low noise operational amplifier 129 
NE5532A internally-compensated dual low noise operational amplifier 129 
NE5533 dual and single low noise operational amplifier 135 
NE5533A dual and single low noise operational amplifier 135 
NE5534 dual and single low noise operational amplifier 135 
NE5534A dual and single low noise operational amplifier 135 
SA5534 dual and single low noise operational amplifier 135 
SA5534A dual and single low noise operational amplifier 135 
SE5532 internally-compensated dual low noise operational amplifier 129 
SE5532A internally-compensated dual low noise operational amplifier 129 
SE5534 dual and single low noise operational amplifier 135 
SE5534A dual and single low noise operational amplifier 135 
TDA1010A 6 W audio power amplifier for in-car applications/10 W 

audio power amplifier for mains-fed applications 811 
TDA1011 2 to 6 W audio power amplifier with preamplifier 829 
TDA1013B 4 W audio power amplifier with DC volume control 841 
TDA1015 1 to 4 W audio power amplifier with preamplifier 849 
TDA1015T 0.5 W audio power amplifier with preamplifier 859 
TDA1016 2 W recording/playback audio power amplifier with 

preamplifier, automatic level control, short-circuit 

and thermal protection 865 
TDA1020 12 W audio power amplifier with preamplifier for car radios 871 
TDA1510 24 W BTL or 2 x 12 W stereo car radio power amplifier 941 
TDA1510A 24 W BTL or 2 x 12 W stereo car radio power amplifier 941 
TDA1512 12 to 20 W hi-fi audio power amplifier 983 
TDA15120 12 to 20 W hi-fi audio power amplifier 983 
TDA1514A 50 W hi-fi power amplifier for digital audio (e.g. Compact Disc) 989 
TDA1515B 24 W BTL or 2 x 12 W stereo car radio power amplifier 997 
TDA15160 22 W BTL or 2 x 11 W stereo car radio power amplifier; 

closed loop voltage gain 26 dB 1003 
TDA1517 2 x 6 W stereo car radio audio power amplifier (20 dB gain) 1011 
TDA15180 22 W BTL or 2 x 11 W stereo car radio power amplifier; 

closed loop voltage gain 46 dB 1019 
TDA1519 2 x 6 W stereo car radio audio power amplifier (40 dB gain) 1027 
TDA1519A 22 W BTL or 2 x 11 W stereo car radio power amplifier 1035 
TDA1519B 12 W BTL or 2 x 6 W stereo car radio power amplifier 1045 
TDA1520B 20 W hi-fi audio power amplifier; complete SOAR protection 1055 
TDA1520BQ 20 W hi-fi audio power amplifier; complete SOAR protection 1055 
TDA1521 2 x 12 W hi-fi stereo audio power amplifier 1061 
TDA1521A 2 x 6 W hi-fi stereo audio power amplifier 1071 
TDA15210 2 x 12 W hi-fi stereo audio power amplifier 1061 
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TDA1522 stereo playback amplifier/equalizer with mute switch 1081 
TDA1535 high-speed sample-and-hold amplifier 1125 
TDA1579 traffic warning decoder circuit (AM carriers); ARI system 1231 
TDA1579T traffic warning decoder circuit (AM carriers); ARI system 1231 
TDA1589 traffic control message and warning tone circuit; ARI system 1241 
TDA2611A 5 W audio power amplifier 1305 
TDA2613 6 W hi-fi audio power amplifier 1315 
TDA7050 150 mW BTL or 2 x 75 mW stereo audio power amplifier; 
low voltage 1423 
TDA7050T 150 mW BTL or 2 x 75 mW stereo audio power amplifier; 
low voltage 1427 
TDA7052 1 W BTL mono audio amplifier for portable applications 1431 
TDA7053 2x 1W BTL stereo audio power amplifier for portable applications 1437 
AUDIO ICs 
Bus-controlled 
TDA8420 hi-fi stereo audio processor; !*C-bus 1445 
TDA8421 hi-fi stereo audio processor; 17 C-bus 1467 
TDA8425 hi-fi stereo audio processor; i* C-bus 1489 
TEA6300 car radio preamplifier and source selector with sound 
and fader controls; 7 C-bus 1787 
TEA6300T car radio preamplifier and source selector with sound 
and fader controls; I? C-bus 1787 
TEA6310T sound fader contro! circuit; |* C-bus 1803 
DC-controlled 
TDA1029 signal-source switch (4 x two channels) 877 
TDA1074A dual tandem electronic potentiometer circuit 931 
TDA1524A stereo tone/volume control circuit 1091 
TDA1525 stereo tone/volume control circuit 1103 
TDA1600 multi-function oscillator switch for audio cassette recorders 1293 
TDA3810 spatial, stereo and pseudo-stereo sound circuit 1335 
TDD1601 equalizer for audio cassette recorders 1589 
CLOCK/CALENDAR 
PCF8573 clock calendar; |? C-bus 329 
PCF8583 clock calendar with 256 x 8-bit static RAM; |? C-bus 491 
COMPANDOR 
NE570 compandor 95 
NE571 compandor 95 
NE572 programmable analogue compandor 103 
NE575 low voltage compandor 111 
SA571 compandor 95 
SA572 programmable analogue compandor 103 
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DATA CONVERSION 
ADCs, DACs 
MC3410 10-bit high-speed multiplying DAC 83 
MC3410C 10-bit high-speed multiplying DAC 83 
MC3510 10-bit high-speed multiplying DAC 83 
NE5410 10-bit high-speed multiplying DAC 119 
PCF8591 8-bit ADC/DAC; |? C-bus 509 
PNA7509 7-bit ADC; 22 MHz; 3-state output 527 
PNA7518 8-bit multiplying DAC; 30 MHz 539 
SAA7320 stereo DAC for Compact Disc 757 
SE5410 10-bit high-speed multiplying DAC 119 
TDA1534 14-bit ADC 1117 
TDA1541A dual 16-bit DAC 1129 
TDA1543 dual 16-bit economy DAC (I*S bus format) 1145 
TDA8444 octuple 6-bit DAC; |? C-bus 1511 
DIGITAL AUDIO 
Compact Disc 
SAA7210 decoder for Compact Disc (second generation) 671 
SAA7220 digital filter and interpolator for Compact Disc (second generation) 693 
SAA7310 decoder for Compact Disc (third generation) 727 
SAA7320 stereo DAC for Compact Disc 757 
SAD7630 CCD delay line for error correction in video and sound 

carrier timebases (laservision players) 777 
TDA1514A 50 W hi-fi power amplifier for digital audio (e.g. Compact Disc) 989 
TDAI541A dual 16-bit DAC 1129 
TDA1542 active element for post filtering (dual channel) 1137 
TDA1543 dual 16-bit economy DAC (17S bus format) 1145 
TDAS708 photo diode signal processor for Compact Disc 

single-spot read-out systems 1347 
TDA5709 radial error signal processor for Compact Disc 1367 
TDA8808T photo diode signal processor for Compact Disc 1519 
TDA8808AT photo diode signal processor for Compact Disc 1519 
TDA8808T/AT transfer functions 1539 
TDA8809T radial error signal processor for Compact Disc 1559 
TDA8809T transfer functions 1571 
Input circuits 
SAA7274 audio digital input circuit (ADIC) 715 
TDA1542 active element for post filtering (dual channel) 1137 
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DISPLAY DRIVERS 
PCF1303T 18-element bar graph LCD driver (with analogue input) 223 
PCF2100 LCD duplex driver; 40 segments 229 
PCF2110 LCD duplex driver; 60 segments and 2 LEDs 229 
PCF2111 LCD duplex driver; 64 segments 229 
PCF2112 LCD driver; 32 segments 229 
PCF2201 LCD flat panel row/column driver 245 
PCF8566 universal LCD driver for low multiplex rates 

(1:1 to 1:4); max. 96 elements; |? C-bus 289 
PCF8576 universal LCD driver for low multiplex rates 

(1:1 to 1:4); max. 160 segments; |? C-bus 359 
PCF8577 LCD direct driver (32 segments) or duplex driver 

(64 segments); |? C-bus 393 
PCF8577A LCD direct driver (32 segments) or duplex driver 

(64 segments); |? C-bus; different slave address 393 
PCF8578 LCD row/column driver for dot matrix graphic displays; 

40 outputs, of which 24 are programmable; |* C-bus 409 
PCF8579 LCD column driver for dot matrix graphic displays; 

40 column outputs; |? C-bus 447 
SAA1064 4-digit LED driver; i7C-bus 555 


DOLBY CIRCUITS 


NE645 Dolby B and C type noise reduction circuit 179 
NE646 Dolby B and C type noise reduction circuit 179 
NE649 low voltage Dolby B type noise reduction circuit 185 
NE650 Dolby B type noise reduction circuit 191 
NE5240 Dolby digital audio decoder 115 
TEA0651 Dolby B & C noise reduction circuit 1627 
TEA0652 Dolby B & C noise reduction circuit 1627 
TEAO653T stereo or 2-channel Dolby B noise reduction circuit 1645 
TEAO654 preamplifier and electronic switch for Dolby B & C 

noise reduction circuits 1627 
TEA0657 dual Dolby B noise reduction circuit 1651 
TEAO665 Dolby B & C processor with preamplifier and electronic switch 1659 
TEAO665T Dolby B & C processor with preamplifier and electronic switch 1659 
TEA0666 Dolby B & C processor with preamplifier and electronic switch; 

changed frequency response in relation to TEAO665 1669 
TEAO666T Dolby B & C processor with preamplifier and electronic switch; 

changed frequency response in relation to TEAO665 1669 
TEAO670T Dolby B & C processor with preamplifier and electronic switch; 

low voltage 1679 


FREQUENCY SYNTHESIZERS 


HEF4750V frequency synthesizer 53 
SAA1057 radio tuning PLL frequency synthesizer (SYMO I!) 545 
TDD1742T low power frequency synthesizer (LOPSY) 1605 
TSA6057 radio tuning PLL frequency synthesizer; |? C-bus 1821 
TSA6057T radio tuning PLL frequency synthesizer; |? C-bus 1821 
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INTERFERENCE SUPPRESSORS 


TDA1001B interference and noise suppression circuit for FM receivers 801 
TDA1001BT interference and noise suppression circuit for FM receivers 801 
MEMORIES 

PCF8570 256 x 8-bit static RAM; |? C-bus 319 
PCF8570C 256 x 8-bit static RAM; |? C-bus; different slave address 319 
PCF8571 128 x 8-bit static RAM; |? C-bus 319 
PCF8582A 256 x 8-bit EEPROM; |? C-bus; —40 to +85 °C 481 


MICROCONTROLLERS (8-bit) 


8051/80C51 family CMOS 


PCA80C31BH-3 microcontroller; 128 x 8 RAM; 1.2 to 12 MHz; 

—40 to +125 °C 209 
PCA80C51BH-3 microcontroller; 128 x 8 RAM; 4K x 8 ROM; 

1.2 to 12 MHz; —40 to + 125 °C 209 
PCA80C552 microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit 


capture/compare timer/counter; watch-dog timer; 

2 pulse-width modulated signals; 10-bit ADC with 

8 multiplexed input lines; |*C-bus; 1.2 to 12 MHz; 

—40 to +125 °C 213 
PCA80C562 microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit 

capture/compare timer/counter; watch-dog timer; 

2-pulse-width modulated signals; 8-bit ADC with 8 multiplexed 


input lines; 1.2 to 12 MHz; —40 to + 125 °C 215 
PCA80C652 microcontroller; 256 x 8 RAM; serial 1/0; UART; 

|? C-bus; 1.2 to 12 MHz; —40 to +125 °C 217 
PCA83C552 microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU 


plus 16-bit capture/compare timer/counter; watch-dog timer; 

2 pulse-width modulated signals; 10-bit ADC with 8 multiplexed 

input lines; |? C-bus; 1.2 to 12 MHz; —40 to +125 oC 213 
PCA83C562 microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU 

plus 16-bit capture/compare timer/counter; watch-dog timer; 

2-pulse-width modulated signals; 8 multiplexed input lines; 


1.2 to 12 MHz; —40 to + 125 °C 215 
PCA83C652 microcontroller; 256 x 8 RAM; 8K x 8 ROM; serial 1/0; 

UART; |? C-bus; 1.2 to 12 MHz; —40 to +125 °C 217 
PCA83C654 microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial 1/0; 

UART; |?C-bus; 1.2 to 12 MHz; —40 to + 125 °C 219 
PCB80C31BH-3 microcontroller; 128 x 8 RAM; 0.5 to 12 MHz; 0 to +70 °C 209 
PCB80C31BH-3 microcontroller; 128 x 8 RAM; 1.2 to 16 MHz; 0 to +70 °C 209 
PCB80C51BH-3 microcontroller; 128 x 8 RAM; 4K x 8 ROM; 

0.5 to 12 MHz; 0 to +70 °C 209 
PCB80C51BH-3 microcontroller; 128 x 8 RAM; 4K x 8 ROM; 

1.2 to 16 MHz; 0 to + 70 °C 209 
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8051/80C51 family CMOS (continued) 


PCB80C552 microcontroller; 256 x 8 RAM; 80C31 CPU plus 

16-bit capture/compare timer/counter; watch-dog timer; 

two pulse-width modulated signals; 10-bit ADC with 

8 multiplexed input lines; |* C-bus; 1.2 to 12 MHz; 

0 to +70 °C 213 
PCB80C562 microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit 

capture/compare timer/counter; watch-dog timer; 

2 pulse-width modulated signals; 8-bit ADC with 


8 multiplexed input lines; 1.2 to 12 MHz; 0 to +70 °C 215 
PCB80C652 microcontroller; 256 x 8 RAM; serial 1/0; UART; |? C-bus; 

1,2 to 12 MHz; 0 to +70 °C 217 
PCB80C851 microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 

1.2 to 12 MHz; 0 to +70 °C 221 
PCB83C552 microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU 


plus 16-bit capture/compare timer/counter; watch-dog timer; 

two pulse-width modulated signals; 10-bit ADC with 

8 multiplexed input lines; 17 C-bus; 1.2 to 12 MHz; 0 to +70 °C 213 
PCB83C562 microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU 

plus 16-bit capture/compare timer/counter; watch-dog timer; 

2 pulse-width modulated signals; 8 multiplexed input lines; 


1.2 to 12 MHz; 0 to +70 °C 215 
PCB83C652 microcontroller; 256 x 8 RAM; 8K x 8 ROM; serial 1/0; 

UART; I? C-bus; 1.2 to 12 MHz; 0 to+70 °C 217 
PCB83C654 microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial |/O; 

UART; I? C-bus; 1.2 to 12 MHz; 0 to +70 °C 219 
PCB83C851 microcontroller; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM; 

1.2 to 12 MHz; 0 to +70 °C 221 
PCF80C31BH-3 microcontroller; 128 x 8 RAM; 1.2 to 12 MHz; 

—40 to +85 OC 209 
PCF80C51BH-3 microcontroller; 128 x 8 RAM; 4K x 8 ROM; 

1.2 to 12 MHz; —40 to +85 °C 209 
PCF80C552 microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit 


capture/compare timer/counter; watch-dog timer; 

2 pulse-width modulated signals; 10-bit ADC with 8 multiplexed 

input lines; |? C-bus; 1.2 to 12 MHz; —40 to +85 °C 213 
PCF80C562 microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit 

capture/compare timer/counter; watch-dog timer; 2 pulse-width 

modulated signals; 8-bit ADC with 8 multiplexed input lines; 


1.2 to 12 MHz; —40 to +85 OC 215 
PCF80C652 microcontroller; 256 x 8 RAM; serial 1/0; UART; |?C-bus; 

1.2 to 12 MHz; —40 to +85 °C 217 
PCF80C851 microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 

1.2 to 12 MHz; —40 to +85 °C 221 
PCF83C552 microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU plus 


16-bit capture/compare timer/counter; watch-dog timer; 
2 pulse-width modulated signals; 10-bit ADC with 8 multiplexed 
input lines; 1? C-bus; 1.2 to 12 MHz; —40 to + 85 °C 213 


> 
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PCF83C562 microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU 
plus 16-bit capture/compare timer/counter; watch-dog timer; 
2 pulse-width modulated signals; 8 multiplexed input lines; 


1.2 to 12 MHz; —40 to +85 °C 215 
PCF83C652 microcontroller; 256 x 8 RAM; 8K x 8 ROM; serial 1/0; UART; 

1? C-bus; 1.2 to 12 MHz; —40 to + 85 °C 217 
PCF83C654 microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial 1/0; 

UART; I? C-bus; 1.2 to 12 MHz; —40 to +85 °C 219 
PCF83C851 microcontroller; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM; 

1.2 to 12 MHz; —40 to +85 °C 221 
84CXX family CMOS 
PCF84C00 microcontroller; 256 x 8 RAM; bond-out version 

PCF84CXX family; 1? C-bus 283 
PCF84C12 low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 285 
PCF84C21 microcontroller; 64 x 8 RAM; 2K x 8 ROM; plus 8-bit 

LED driver; I? C-bus; —40 to +85 °C 283 
PCF84C22 low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 285 
PCF84C41 microcontroller; 128 x 8 RAM; 4K x 8 ROM; plus 8-bit 

LED driver; |? C-bus; —40 to +85 °C 283 
PCF84C42 low cost microcontroller; 64 x 8 RAM; 4K x 8 ROM 285 
PCF84C81 microcontroller; 256 x 8 RAM; 8K x 8 ROM; plus 8-bit 

LED driver; |? C-bus; —40 to +85 °C 283 
PCF84C85 microcontroller; 256 x 8 RAM; 8K x 8 ROM; 32 I/O; 

plus 8-bit LED driver; 17 C-bus; —40 to + 85 °C 287 
84XX family NMOS 
MAB8401 microcontroller; 128 x 8 RAM; piggy-back version for 

MAB84XX family plus 8-bit LED driver; |* C-bus; 

1.0 to 6 MHz; Oto +70°C 79 
MAB8411 microcontroller; 64 x 8 RAM; 1K x 8 ROM plus 

8-bit LED driver; 20 I/O lines; 17 C-bus; 

1.0 to 6 MHz; 0 to +70 °C 79 
MAB8421 microcontroller; 64 x 8 RAM; 2K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; 1? C-bus; 

1.0 to 6 MHz; 0 to +70 °C 79 
MAB8422 microcontroller; 64 x 8 RAM; 2K x 8 ROM plus 

8-bit LED driver; 15 I/O lines; 1? C-bus; 

1.0 to 6 MHz; 0 to +70 °C 81 
MAB8441 microcontroller; 128 x 8 RAM; 4K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; 17 C-bus; 

1.6 to 6 MHz; 0 to +70 °C 79 
MAB8442 microcontroller; 128 x 8 RAM; 4K x 8 ROM plus 

8-bit LED driver; 15 I/O lines; |? C-bus; 

1.6 to 6 MHz; 0 to +70 °C 81 
MAB8461 microcontroller; 128 x 8 RAM; 6K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; 1? C-bus 

1.0 to 6 MHz; 0 to +70 °C 79 
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84XX family NMOS (continued) 
MAF84A11 microcontroller; 64 x 8 RAM; 1K x 8 ROM; 

plus 8-bit LED driver; 20 1/O lines; 1? C-bus; 

1.0 to 5 MHz; —40 to +110 °C 79 
MAF84A21 microcontroller; 64 x 8 RAM; 2K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; !* C-bus; 

1.0 to 5 MHz; —40 to + 110 °C 79 
MAF84A22 microcontroller; 64 x 8 RAM; 2K x 8 ROM plus 

8-bit LED driver; 15 I/O lines; I? C-bus; 

1.0 to 5 MHz; —40 to +110 °C 81 
MAF84A41 microcontroller; 128 x 8 RAM; 4K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; |? C-bus; 

1.0 to 5 MHz; —40 to +110 °C 79 
MAF84A42 microcontroller; 128 x 8 RAM; 4K x 8 ROM plus 

8-bit LED driver; 15 1/O lines; 1? C-bus; 

1.0 to 5 MHz; —40 to + 110 °C 81 
MAF84A61 microcontroller; 128 x 8 RAM; 6K x 8 ROM plus 

8-bit LED driver; 20 1/O fines; 1 C-bus; 

1.0 to 5 MHz; —40 to +110 °C 79 
MAF8411 microcontroller; 64 x 8 RAM; 1K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; 1? C-bus; 

1.0 to 6 MHz; —40 to +85 °C 79 
MAF8421 microcontroller; 64 x 8 RAM; 2K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; 17 C-bus; 

1.0 to 6 MHz; —40 to +85 °C 79 
MAF8422 microcontroller; 64 x 8 RAM; 2K x 8 ROM plus 

8-bit LED driver; 15 1/O lines; 17 C-bus 

1.0 to 6 MHz; —40 to +85 °C 81 
MAF8441 microcontroller; 128 x 8 RAM; 4K x 8 ROM plus 

8-bit LED driver; 20 1/0 lines; 1? C-bus; 

1.0 to 6 MHz; —40 to +85 °C 79 
MAF8442 microcontroller; 128 x 8 RAM; 4K x 8 ROM plus 

8-bit LED driver; 15 1/O lines; |? C-bus; 

1.0 to 6 MHz; —40 to +85 °C 81 
MAF8461 microcontroller; 128 x 8 RAM; 6K x 8 ROM plus 

8-bit LED driver; 20 1/0 lines; |? C-bus; 

1.0 to 6 MHz; —40 to +85 OC 79 


8048 family CMOS 


PCA80C39 microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 

—40 to +110 °C 211 
PCA80C49 microcontroller; 128 x 8 RAM; 2K x 8 ROM; 

1.0 to 15 MHz; —40 to +110 °C 211 
PCB80C39 microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 

0 to +70 °C 211 
PCB80C49 microcontroller; 128 x 8 RAM; 2K x 8 ROM; 

1.0 to 15 MHz; 0 to +70 °C 211 
PCF80C39 microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 

—40 to +85 °C 211 
PCF80C49 microcontroller; 128 x 8 RAM; 2K x 8 ROM; 

1.0 to 15 MHz; —40 to +85 °C 211 
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MOTOR CONTROLLERS 


TDA1059B motor speed regulator with thermal shut-down; 
multiplication coefficient = 9; drop-out voltage = 1.8 V 891 
TDASO40T DC motor drive circuit with magnetic-field detector 1339 


PERSONAL RADIO/AUDIO 


TDA7000 FM radio circuit; mono (in plastic DIL-18) 1381 
TDA7010T FM radio circuit; mono (in SO-16 plastic mini-pack) 1389 
TDA7021T FM radio circuit; stereo/mono; for low voltage 

micro tuning system (MTS) 1397 
TDA7030T low voltage micro tuning system (MTS) 1407 
TDA7040T PLL stereo decoder; low voltage 1415 
TDA7050 150 mW BTL or 2 x 75 mW stereo audio power amplifier; 

low voltage 1423 
TDA7050T 150 mW BTL or 2 x 75 mW stereo audio power amplifier; 

low voltage 1427 
TDA7052 1 W BTL mono audio amplifier for portable applications 1431 
TDA7053 2 x 1 W BTL stereo audio power amplifier for portable applications 1437 
TEAO670T Dolby B & C processor preamplifier and electronic switch; 

low voltage 1679 
TEA5551T single-chip AM radio circuit, plus dual AF amplifier, 

for pocket receivers with headphones 1685 


RADIO RECEIVERS 


AM 

TDA1072A AM receiver circuit for hi-fi and car radio 897 
TDA1072AT AM receiver circuit for hi-fi and car radio 913 
TDA1572 AM receiver circuit for stereo hi-fi and car radio 1153 
TDA1572T AM receiver circuit for stereo hi-fi and car radio 1171 
TDB1080 IF limiting amplifier, FM detector and audio amplifier 1583 
TDB1080T IF limiting amplifier, FM detector and audio amplifier 1583 
TEA6200 AM upconversion radio receiver; 10.7 MHz IF 1775 
AM/FM 

TEA5570 AM/FM radio receiver circuit 1697 
TEA5591 AM/FM radio receiver circuit 1733 
FM 

CA3089 FM IF system 47 
NE604A high performance low-power FM IF system 149 
NE605 low-power FM IF system 159 
NE614A low-power FM IF system 169 
SA604A high performance low-power FM IF system 149 
SA605 low-power FM IF system 159 
SA614A low-power FM IF system 169 
TDA1574 integrated FM tuner for radio receivers 1187 
TDA1574T integrated FM tuner for radio receivers 1195 
TDA1576 FM/IF amplifier and detector 1205 
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FM (continued) 


TDA1596 FM/IF amplifier and detector 1249 
TDA1596T FM/IF amplifier and detector 1267 
TDA7000 FM radio circuit; mono (in plastic DIL-18) 1381 
TDA7010T FM radio circuit; mono {in SO-16 plastic mini-pack) 1389 
TDA7021T FM radio circuit; stereo/mono; for low voltage 

micro tuning system (MTS) 1397 
TEA6100 FM/IF system and microcomputer-based tuning 

interface; |? C-bus 1751 
REMOTE CONTROLLERS 
SAA3004 high performance transmitter (455 kHz) for infrared 

remote control; up to 448 commands 585 
SAA3006 high performance transmitter (RC-5) for infrared 

remote control; up to 2048 commands 595 
SAA3007 high performance transmitter (455 kHz) for infrared 

remote control; up to 1280 commands; low voltage 609 
SAA3008 high performance transmitter (38 kHz) for infrared 

remote control; low voltage 623 
SAA3009 infrared remote control decoder; decodes 64 commands 

(RECS80/RC-5); up to 32 subaddresses; high current 

output capability for direct LED drive 637 
SAA3010 high-performance transmitter (RC-5) for infrared remote 

control; low voltage 647 
SAA3028 high performance transcoder (RC-5) for infrared remote 

control; |? C-bus 663 
SAA3049 infrared remote control decoder, low current version 

of SAA3009 637 
SAF1032 receiver/decoder for infrared remote control 787 
SAF1039 transmitter for infrared remote control 787 
TDA3047 high performance receiver for infrared remote control; 

positive output voltage 1323 
TDA3048 high performance receiver for infrared remote control; 

negative output voltage 1329 


REMOTE !/O EXPANDERS 


PCF8574 remote 8-bit I/O expander; |? C-bus 347 
PCF8574A remote 8-bit 1/O expander; |? C-bus; different slave address 347 
SOUND GENERATOR 
SAA1099 stereo sound generator for sound effects and music synthesis 

(uC-controlled) 565 
SPEECH SYNTHESIZERS 
OM8200 speech demonstration board (PCF8200) 197 
OM8201 speech demonstration box (PCF8200) 201 
OM8209 update package for OM8010 203 
OM8210 speech analysis/editing system (PCF8200) 205 
PCF8200 voice synthesizer (CMOS); |? C-bus 267 


144 
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STEREO DECODERS 


TDA1578A time multiplex PLL stereo decoder for hi-fi and car radios 1217 
TDA1598 time multiplex PLL stereo decoder for hi-fi and car radios 1285 
TDA7040T PLL stereo decoder; low voltage 1415 
TEA5580 PLL stereo decoder for medium-fi and car radios 1711 
TEA5581 PLL stereo decoder with source selector switch for 

medium-fi and car radios 1721 
TEAS5581T PLL stereo decoder with source selector switch for 

medium-fi and car radios 1721 
TSA6057 radio tuning PLL frequency synthesizer; |? C-bus 1821 
TSA6057T radio tuning PLL frequency synthesizer; |? C-bus 1821 
uA758 FM stereo multiplex decoder; PLL 1831 


TUNING CIRCUITS 


HEF4750V frequency synthesizer 53 
HEF4751V universal divider 69 
NE602 double-balanced mixer and oscillator 143 
NE612 double balanced mixer and oscillator 163 
SA602 double-balanced mixer and oscillator 143 
SAA1057 radio tuning PLL frequency synthesizer (SYMO I!) 545 
SAA1300 tuner switching circuit; 1? C-bus 581 
TDA1574 integrated FM tuner for radio receivers 1187 
TDA1574T integrated FM tuner for radio receivers 1195 
TDA7030T low voltage micro tuning system (MTS) 1407 
TDD1742T low power frequency synthesizer (LOPSY) 1605 
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CA3089N 
HEF4750VD 
HEF4750VU 
HEF4751VD 
HEF4751VP 
HEF4751VT 
HEF4751VU 
MAB8401B 


MAB8401WP 
MAB8411P 
MAB8411T 
MAB8421P 
MAB8421T 
MAB8422P 
MAB8441P 
MAB8441T 
MAB8442P 
MAB8461P 


MAB8461T 


description page 
FM IF systern 47 
frequency synthesizer 53 
frequency synthesizer 53 
universal divider 69 
universal divider 69 
universal divider 69 
universal divider 69 
microcontroller; 128 x 8 RAM; piggy-back version 

for MAB84XxX family plus 8-bit LED driver; 1? C-bus; 

1.0 to 6 MHz; 0 to +70 °C 79 
microcontroller; 128 x 8 RAM; piggy-back version 

for MAB84XX family plus 8-bit LED driver; |? C-bus; 

1.0 to 6 MHz; 0 to + 70 °C 79 
microcontroller; 64 x 8 RAM; 1K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; |? C-bus; 

1.0 to 6 MHz; 0 to + 70 °C 79 
microcontroller; 64 x 8 RAM; 1K x 8 ROM plus 

8-bit LED driver; 20 I/O lines; |? C-bus; 

1.0 to 6 MHz; 0 to + 70 °C 79 
microcontroller; 64 x 8 RAM; 2K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; 1? C-bus; 

1.0 to 6 MHz; 0 to + 70 9c 79 
microcontroller; 64 x 8 RAM; 2K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; 1? C-bus; 

1,0 to 6 MHz; 0 to +70 °C 79 
microcontroller; 64 x 8 RAM; 2K x 8 ROM plus 

8-bit LED driver; 15 I/O lines; 17 C-bus; 

1.0 to 6 MHz; 0 to + 70 °C 81 
microcontroller; 128 x 8 RAM; 4K x 8 ROM plus 

8-bit LED driver; 20 I/O lines; 1? C-bus; 

1.0 to 6 MHz; 0 to + 70 °C 79 
microcontroller; 128 x 8 RAM; 4K x 8 ROM plus 

8-bit LED driver; 20 I/O lines; I? C-bus; 

1.0 to 6 MHz; 0 to + 70 °C 79 
microcontroller; 128 x 8 RAM; 4K x 8 ROM plus 

8-bit LED driver; 15 1/O lines; 1? C-bus; 

1.0 to 6 MHz; 0 to + 70 °C 81 
microcontroller; 128 x 8 RAM; 6K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; |? C-bus; 

1.0 to 6 MHz; 0 to +70 °C 79 
microcontroller; 128 x 8 RAM; 6K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; 1? C-bus; 

1.0 to 6 MHz; 0 to + 70 °C 79 
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MAF84A11P microcontroller; 64 x 8 RAM; 1K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; |* C-bus; 

1.0 to 5 MHz; —40 to + 110 °C 79 
MAF84A21P microcontroller; 64 x 8 RAM; 2K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; I* C-bus; 

1.0 to 5 MHz; —40 to + 110 9C 79 
MAF84A22P microcontroller; 64 x 8 RAM; 2K x 8 ROM plus 

8-bit LED driver; 15 I/O lines; 1? C-bus; 

1,0 to 5 MHz; —40 to + 110 °C 81 
MAF84A41P microcontroller; 128 x 8 RAM; 4K x 8 ROM plus 

8-bit LED driver; 20 I/O lines; 1? C-bus; 

1.0 to 5 MHz; —40 to + 110 °C 79 
MAF84A42P microcontroller; 128 x 8 RAM; 4K x 8 ROM plus 

8-bit LED driver; 15 1/O lines; |? C-bus; 

1.0 to 5 MHz; —40 to + 110 °C 81 
MAF84A61P microcontroller; 128 x 8 RAM; 6K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; 1? C-bus; 

1.0 to 5 MHz; —40 to + 110 °C 79 
MAF8411P microcontroller; 64 x 8 RAM; 1K x 8 ROM plus 

8-bit LED driver; 20 I/O fines; I* C-bus; 

1.0 to 6 MHz; —40 to + 85 °C 79 
MAF8421P microcontroller; 64 x 8 RAM; 2K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; 1? C-bus; 

1.0 to 6 MHz; —40 to + 85 °C 79 
MAF8422P microcontroller; 64 x 8 RAM; 2K x 8 ROM plus 

8-bit LED driver; 15 1/O lines; 1? C-bus; 

1.0 to 6 MHz; —40 to + 85 °C 81 
MAF8441P microcontroller; 128 x 8 RAM; 4K x 8 ROM plus 

8-bit LED driver; 20 I/O lines; 1? C-bus; 

1.0 to 6 MHz; —40 to + 85 °C 79 
MAF8442P microcontroller; 128 x 8 RAM; 4K x 8 ROM plus 

8-bit LED driver; 15 1/O lines; |? C-bus; 

1.0 to 6 MHz; —40 to + 85 °C 81 
MAF8461P microcontroller; 128 x 8 RAM; 6K x 8 ROM plus 

8-bit LED driver; 20 1/O lines; 1? C-bus; 

1.0 to 6 MHz; —40 to + 85 °C 79 
MC3410F 10-bit high-speed multiplying DAC 83 
MC3410CF 10-bit high-speed multiplying DAC 83 
MC3510F 10-bit high-speed multiplying DAC 83 
NE542N dual low-noise preamplifier 91 
NE570F compandor 95 
NE570N compandor 95 
NE571D compandor 95 
NES571F compandor 95 
NE571N compandor 95 
NE572D programmable analogue compandor 103 
NE572N programmable analogue compandor 103 
NE575D low voltage compandor 111 
NE575N low voltage compandor 111 
NE5240D Dolby digital audio decoder 115 
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internally-commpensated dual low noise operational amplifier 
internally-compensated dual low noise operational amplifier 
internally-compensated dual low noise operational amplifier 
internally-cornpensated dual low noise operational amplifier 
internally-compensated dual low noise operational amplifier 


type description 

NE5240N Dolby digital audio decoder 

NE5410F 10-bit high-speed multiplying DAC 

NE5532D 

NE5532N 

NE5532FE 

NE5532AN 

NE5532AFE 

NE5533D dual and single low noise operational amplifier 
NE5533N dual and single low noise operational amplifier 
NE5533AD dual and single low noise operational amplifier 
NE5533AN dual and single low noise operational amplifier 
NE5534D dual and single low noise operational amplifier 
NE5534N dual and single low noise operational amplifier 
NE5534FE dual and single low noise operational amplifier 
NE5534AD dual and single low noise operational amplifier 
NE5534AN dual and single low noise operational amplifier 
NE5534AFE dual and single low noise operational amplifier 
NE602D double-balanced mixer and oscillator 

NE602N double-balanced mixer and oscillator 
NE602FE double-balanced mixer and oscillatoe 
NE604AD high performance low-power FM IF system 
NE6O04AN high performance low-power FM IF system 
NE605D low-power FM IF system 

NE605F low-power FM IF system 

NE605N low-power FM IF system 

NE612D double-balanced mixer and oscillator 

NE612N double-balanced mixer and oscillator 
NE614AD low-power FM IF system 

NE614AN low-power FM IF system 

NE645N Dolby B and C type noise reduction circuit 
NE646N Dolby B and C type noise reduction circuit 
NE649N low voltage Dolby B type noise reduction circuit 
NE650N Dolby B type noise reduction circuit 

OM8200 speech demonstration board (PCF8200) 
OM8201 speech demonstration box (PCF8200) 
OM8209 update package for OM8010 

OM8210 speech analysis/editing system (PCF8200) 


PCA80C31BH-3P 


PCA80C31BH-3WP 


PCA80C39P 


PCA80C39WP 


PCA80C49P 


PCA80C49WP 


microcontroller; 128 x 8 RAM; 1.2 to 12 MHz; 
—40 to + 125 °C 

microcontroller; 128 x 8 RAM; 1.2 to 12 MHz; 
—40 to + 125 °C 

microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 
—40 to + 110 °C 

microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 
—40 to +110 °C 

microcontroller; 128 x 8 RAM; 2K x 8 ROM; 
1.0 to 15 MHz; —40 to + 110 °C 
microcontroller; 128 x 8 RAM; 2K x 8 ROM; 
1.0 to 15 MHz; —40 to + 110 °C 
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PCA80C51BH-3P microcontroller; 128 x 8 RAM; 4K x 8 ROM; 

1.2 to 12 MHz; —40 to + 125 °C 209 
PCA80C51BH-3WP microcontroller; 128 x 8 RAM; 4K x 8 ROM; 

1.2 to 12 MHz; —40 to + 125 °C 209 
PCA80C552WP microcontroller; 256 x 8 RAM; 80C31 CPU plus 


16-bit capture/compare timer/counter; watch-dog timer; 

2 pulse-width modulated signals; 10-bit ADC with 

8 multiplexed input lines; |? C-bus; 1.2 to 12 MHz; 

—40 to + 125 °C 213 
PCA80C562WP microcontroller; 256 x 8 RAM; 80C31 CPU plus 

16-bit capture/compare timer/counter; watch-dog timer; 

2 pulse-width modulated signals; 8-bit ADC with 

8 multiplexed input lines; 1.2 to 12 MHz; 


—40 to + 125 °C 215 
PCA80C652P microcontroller; 256 x 8 RAM; serial 1/0; UART; 

1? C-bus; 1.2 to 12 MHz; —40 to + 125 °C 217 
PCA80C652WP microcontroller; 256 x 8 RAN; serial 1/O; UART; 

1? C-bus; 1.2 to 12 MHz; —40 to + 125 °C 217 
PCA83C552WP microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU 


plus 16-bit capture/compare timer/counter; watch-dog timer; 

2 pulse-width modulated signals; 10-bit ADC with 8 multiplexed 

input lines; I* C-bus; 1.2 to 12 MHz; —40 to + 125 °C 213 
PCA83C562WP microcontrolier; 256 x 8 RAM; 8K x 8 ROM; 89C51 CPU 

plus 16-bit capture/compare timer/counter; watch-dog timer; 

2 pulse-width modulated signals; 8 multiplexed input lines; 


1.2 to 12 MHz; —40 to + 125 °C 215 
PCA83C652P microcontrolier; 256 x 8 RAM; 8K x 8 ROM; serial I/O; 

UART; |?C-bus; 1.2 to 12 MHz; —40 to + 125 °C 217 
PCA83C652WP microcontroller; 256 x 8 RAM; 8K x 8 ROM; serial 1/0; 

UART; 1?C-bus; 1.2 to 12 MHz; —40 to + 125 °C 217 
PCA83C654P microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial 1/O; 

UART; |? C-bus; 1.2 to 12 MHz; —40 to + 125 °C 219 
PCA83C654WP microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial 1/0; 

UART; |? C-bus; 1.2 to 12 MHz; —40 to + 125 °C 219 
PCB80C31BH-3P microcontroller; 128 x 8 RAM; 0.5 to 12 MHz; 

0to+70°C 209 
PCB80C31BH-3WP microcontroller; 128 x 8 RAM; 0.5 to 12 MHz; 

0 to+70°C 209 
PCB80C31BH-3P microcontroller; 128 x 8 RAM; 1.2 to 16 MHz; 

0to+70°C 209 
PCB80C31BH-3WP microcontroller; 128 x 8 RAM; 1.2 to 16 MHz; 

0 to +70 °C 209 
PCB80C39P microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 

0 to +70 °C 211 
PCB80C39WP microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 

0 to +70 °C 211 
PCB80C49P microcontroller; 128 x 8 RAM; 2K x 8 ROM; 

1.0 to 15 MHz;0 to +70 °C 211 
PCB80C49WP microcontroller; 128 x 8 RAM; 2K x 8 ROM; 

1.0 to 15 MHz; 0 to + 70 °C 211 
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PCB80C51BH-3P 
PCB80C51BH-3WP 
PCB80C51BH-3P 
PCB80C51BH-3WP 


PCB80C552WP 


PCB80C562WP 


PCB80C851P 


PCB80C851WP 


PCB80C652P 


PCB80C652WP 


PCB83C552WP 


PCB83C562WP 


PCB83C652P 
PCB83C652WP 
PCB83C654P 
PCB83C654WP 
PCB83C851P 
PCB83C851WP 
PCF1303T 


PCF2100P 
PCF2100T 


microcontroller; 128 x 8 RAM; 4K x 8 ROM; 

0.5 to 12 MHz; 0 to + 70 °C 

microcontroller; 128 x 8 RAM; 4K x 8 ROM; 

0.5 to 12 MHz; 0 to + 70 °C 

microcontroller; 128 x 8 RAM; 4K x 8 ROM; 

1.2 to 16 MHz; 0 to + 70 °C 

microcontroller; 128 x 8 RAM; 4K x 8 ROM; 

1.2 to 16 MHz; 0 to + 70 °C 

microcontroller; 256 x 8 RAM; 80C31 CPU plus 

16-bit capture/compare timer/counter; watch-dog timer; 
two pulse-width modulated signals; 10-bit ADC with 

8 multiplexed input lines; 17 C-bus; 1.2 to 12 MHz: 
0to+70°C 

microcontroller; 256 x 8 RAM; 80C31 CPU plus 

16-bit capture/compare timer/counter; watch-dog timer; 
2 pulse-width modulated signals; 8-bit ADC with 

8 multiplexed input lines; 1.2 to 12 MHz; 0 to + 70 °C 
microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 

1.2 to 12 MHz; 0 to + 70 °C 

microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 

1.2 to 12 MHz; 0 to + 70 °C 

microcontroller; 256 x 8 RAM; serial 1/0; UART; 
1?.C-bus; 1.2 to 12 MHz; 0 to + 70 °C 

microcontroller; 256 x 8 RAM; serial 1/0; UART; 

|? C-bus; 1.2 to 12 MHz; 0 to + 70 °C 

microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU 
plus 16-bit capture/compare timer/counter; 

watch-dog timer; two pulse-width modulated signals; 
10-bit ADC with 8 multiplexed input lines; 

1? C-bus; 1.2 to 12 MHz; 0 to + 70 °C 

microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU 
plus 16-bit capture/compare timer/counter; watch-dog timer; 
2 pulse-width modulated signals; 8 multiplexed input lines; 
1.2 to 12 MHz; 0 to + 70 °C 

microcontroller; 256 x 8 RAM; 8K x 8 ROM; serial 1/O; 
UART; I? C-bus; 1.2 to 12 MHz; 0 to + 70 °C 
microcontroller; 256 x 8 RAM; 8K x 8 ROM; serial |/O; 
UART; |? C-bus; 1.2 to 12 MHz; 0 to + 70 °C 
microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial 1/O; 
UART; |? C-bus; 1.2 to 12 MHz; 0 to + 70 °C 
microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial 1/0; 
UART; |? C-bus; 1.2 to 12 MHz; 0 to + 70 °C 
microcontroller; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM; 
1.2 to 12 MHz; 0 to + 70 °C 

microcontroller; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM; 
1.2 to 12 MHz; 0 to + 70 °C 

18-element bar graph LCD driver (with analogue input) 
LCD duplex driver; 40 segments 

LCD duplex driver; 40 segments 
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PCF2110P LCD duplex driver; 60 segments and 2 LEDs 229 
PCF2110T LCD duplex driver; 60 segments and 2 LEDs 229 
PCF2111P LCD duplex driver; 64 segments 229 
PCF2111T LCD duplex driver; 64 segments 229 
PCF2112P LCD driver; 32 segments 229 
. PCF2112T LCD driver; 32 segments 229 
PCF2201V LCD flat panel row/column driver 245 
PCF80C31BH-3P microcontroller; 128 x 8 RAM; 1.2 to 12 MHz; 
—40 to + 85 °C 209 
PCF80C31BH-3WP microcontroller; 128 x 8 RAM; 1.2 to 12 MHz; 
—40 to + 85 °C 209 
PCF80C39P microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 
—40 to +85 °C 211 
PCF80C39WP microcontroller; 128 x 8 RAM; 1.0 to 15 MHz; 
—40 to + 85 °C 211 
PCF80C49P microcontroller; 128 x 8 RAM; 2K x 8 ROM; 
1.0 to 15 MHz; —40 to + 85 °C 211 
PCF80C49WP microcontroller; 128 x 8 RAM; 2K x 8 ROM; 
1.0 to 15 MHz; —40 to + 85 °C 211 
PCF80C51BH-3P microcontroller; 128 x 8 RAM; 4K x 8 ROM; 
1.2 to 12 MHz; —40 to + 85 °C 209 
PCF80C51BH-3WP microcontroller; 128 x 8 RAM; 4K x 8 ROM; 
1.2 to 12 MHz; —40 to + 85 °C 209 
~ PCF80C552WP microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit 
capture/compare timer/counter; watch-dog timer; 
2 pulse-width modulated signals; 10-bit ADC with 
8 multiplexed input lines; 1? C-bus; 1.2 to 12 MHz; 
—40 to + 85 °C 213 
PCF80C562WP microcontroller; 256 x 8 RAM; 80C31 CPU plus 16-bit 
capture/compare timer/counter; watch-dog timer; 
2 pulse-width modulated signals; 8-bit ADC with 
8 multiplexed input lines; 1.2 to 12 MHz; 
—40 to + 85 °C 215 
PCF80C652P microcontroller; 256 x 8 RAM; serial 1/0; UART; 
1*C-bus; 1.2 to 12 MHz; —40 to + 85 O¢ 217 
PCF80C652WP microcontroller; 256 x 8 RAM; serial |/O; UART; 
I? C-bus; 1.2 to 12 MHz; —40 to + 85 °C 217 
PCF80C851P microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2 to 12 MHz; —40 to + 85 °C 221 
PCF80C851WP microcontroller; 128 x 8 RAM; 256 x 8 EEPROM; 
1.2 to 12 MHz; —40 to + 85 °C 221 
PCF8200 voice synthesizer (CMOS); I? C-bus 267 
PCF83C552WP microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU plus 
16-bit capture/compare timer/counter; watch-dog timer; 
2 pulse-width modulated signals; 10-bit ADC with 8 multiplexed 
input lines; |? C-bus; 1.2 to 12 MHz; —40 to + 85 °C 213 
PCF83C562WP microcontroller; 256 x 8 RAM; 8K x 8 ROM; 80C51 CPU 


Plus 16-bit capture/compare timer/counter; watch-dog timer; 
2 pulse-width modulated signals; 8 multiplexed input lines; 
1.2 to 12 MHz; —40 to + 85 °C 215 
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PCF83C652P microcontroller; 256 x 8 RAM; 8K x 8 ROM; serial 1/0; 
UART; I? C-bus; 1.2 to 12 MHz; —40 to + 85 °C 
PCF83C652WP microcontroller; 256 x 8 RAM; 8K x 8 ROM; serial 1/0; 
UART; |? C-bus; 1.2 to 12 MHz; —40 to + 85 °C 
PCF83C654P microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial I/O; 
UART; I*C-bus; 1.2 to 12 MHz; —40 to + 85 °C 
PCF83C654wP microcontroller; 256 x 8 RAM; 16K x 8 ROM; serial I/O; 
UART; |? C-bus; 1.2 to 12 MHz; —40 to + 85 °C 
PCF83C851P microcontroller; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM; 
1.2 to 12 MHz; —40 to + 85 °C 
PCF83C851WP microcontroller; 128 x 8 RAM; 4K x 8 ROM; 256 x 8 EEPROM; 
1.2 to 12 MHz; —40 to + 85 °C 
PCF84CXXX single-chip 8-bit microcontroller family 
PCF84CO0OB microcontroller; 256 x 8 RAM; bond-out version 
PCF84CXX family; 1? C-bus 
PCF84COOT microcontroller; 256 x 8 RAM; bond-out version 
PCF84CXX family; 1? C-bus 
PCF84C12P low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 
PCF84C12T low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 
PCF84C21P microcontroller; 64 x 8 RAM; 2K x 8 ROM; plus 
8-bit LED driver; 1? C-bus; —40 to + 85 °C 
PCF84C21T microcontroller; 64 x 8 RAM; 2K x 8 ROM; plus 
8-bit LED driver; 17 C-bus; —40 to + 85 °C 
PCF84C22P low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 
PCF84C22T low cost microcontroller; 64 x 8 RAM; 1K x 8 ROM 
PCF84C41P microcontroller; 128 x 8 RAM; 4K x 8 ROM; plus 
8-bit LED driver; 1? C-bus; —40 to + 85 °C 
PCF84C41T microcontroller; 128 x 8 RAM; 4K x 8 ROM; plus 
8-bit LED driver; 1? C-bus; —40 to + 85 °C 
PCF84C42P low cost microcontroller; 64 x 8 RAM; 4K x 8 ROM 
PCF84C42T low cost microcontroller; 64 x 8 RAM; 4K x 8 ROM 
PCF84C81P microcontroller; 256 x 8 RAM; 8K x 8 ROM; plus 
8-bit LED driver; 1? C-bus; —40 to + 85 °C 
PCF84C81T microcontroller; 256 x 8 RAM; 8K x 8 ROM; plus 
8-bit LED driver; 1? C-bus; —40 to + 85 °C 
PCF84C85P microcontroller; 256 x 8 RAM; 8K x 8 ROM; 32 I/O; 
plus 8-bit LED driver; |? C-bus; —40 to + 85 °C 
PCF84C85T microcontroller; 256 x 8 RAM; 9K x 8 ROM; 32 1/0; 
plus 8-bit LED driver; I* C-bus; —40 to + 85 °C 
PCF8566P universal LCD driver for low multiplex rates 
(1:1 to 1:4); max. 96 elements; 1? C-bus 
PCF8566T universal LCD driver for low multiplex rates 
(1:1 to 1:4); max. 96 elements; |? C-bus 
PCF8570P 256 x 8-bit static RAM; I? C-bus 
PCF8570T 256 x 8-bit static RAM; I? C-bus 
PCF8570CP 256 x 8-bit static RAM; |? C-bus; different slave address 
PCF8570CT 256 x 8-bit static RAM; |? C-bus; different slave address 
PCF8571P 128 x 8-bit static RAM; |?C-bus 
PCF8571T 128 x 8-bit static RAM; |? C-bus 
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PCF8573P clock calendar, |? C-bus 329 
PCF8573T clock calendar; I? C-bus 329 
PCF8574AP remote 8-bit |/O expander; I? C-bus 

different slave address 347 
PCF8574AT remote 8-bit 1/O expander; |* C-bus; 

different slave address 347 
PCF8574P remote 8-bit |/O expander; |? C-bus 347 
PCF8574T remote 8 it 1/O expander; I? C-bus 347 
PCF8576T universal LCD driver for low multiplex rates 

(1:1 to 1:4); max. 160 segments; 17 C-bus 359 
PCF8576U universal LCD driver for low multiplex rates 

(1:1 to 1:4); max. 160 segments; |? C-bus 359 
PCF8576U/10 universal LCD driver for low multiplex rates 

(1:1 to 1:4); max. 160 segments; |? C-bus 359 
PCF8577AP LCD direct driver (32 segments) or duplex driver 

.(64 segments); |? C-bus; different slave address 393 

PCF8577AT LCD direct driver (32 segments) or duplex driver 

(64 segments) |? C-bus; different slave address 393 
PCF8577AU LCD direct driver (32 segments) or duplex driver 

(64 segments) |? C-bus; different slave address 393 
PCF8577P LCD direct driver (32 segments) or duplex driver 

(64 segments); |? C-bus 393 
PCF8577T LCD direct driver (32 segments) or duplex driver 

(64 segments); |? C-bus 393 
PCF8577U LCD direct driver (32 segments) or duplex driver 

(64 segments); |? C-bus 393 
PCF8578T LCD row/column driver for dot matirx graphic displays; 

40 outputs; of which 24 are programmable; |* C-bus 409 
PCF8578U LCD row/column driver for dot matrix graphic displays; 

40 outputs, of which 24 are programmable; |? C-bus 409 
PCF8578V LCD row/column driver for dot matrix graphic displays; 

40 outputs, of which 24 are programmable; |? C-bus 409 
PCF8579T LCD column driver for dot matrix graphic displays; 

40 column outputs; |? C-bus 447 
PCF8579U LCD column driver for dot matrix graphic displays; 

40 column outputs; I? C-bus 447 
PCF8579V LCD column driver for dot matrix graphic displays; 

40 column outputs; I? C-bus 447 
PCF8582AP 256 x 8-bit EEPROM; 1? C-bus; —40 to + 85 oC 481 
PCF8582AT 256 x 8-bit EEPROM; |? C-bus; —40 to + 85 °C 481 
PCF8583P clock calendar with 256 x 8-bit static RAM; |? C-bus 491 
PCF8583T clock calendar with 256 x 8-bit static RAM; |? C-bus 491 
PCF8591P 8-bit ADC/DAC; |? C-bus 509 
PCF8591T 8-bit ADC/DAC; |? C-bus 509 
PNA7509P 7-bit ADC; 22 MHz; 3-state output 527 
PNA7518P 8-bit multiplying DAC; 30 MHz 539 
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SA571F compandor 95 
SA571N compandor 95 
SA572D programmable analogue compandor 103 
SA572F programmable analogue compandor 103 
SA572N programmable analogue compandor 103 
SA5534N dual and single low noise operational amplifier 135 
SA5534AD dual and single low noise operational amplifier 135 
SA5534AN dual and single low noise operational amplifier 135 
SA602D double balanced mixer and oscillator 143 
SA602N double balanced mixer and oscillator 143 
SA602FE double balanced mixer and oscillator 143 
SA604AD high performance low-power FM IF system 149 
SA604AN high performance low-power FM IF system 149 
SA605D low-power FM IF system 159 
SA605F low-power FM IF system 159 
SA605N low-power FM IF system 159 
SA614AD low-power FM IF system 169 
SA614 AN low-power FM IF system 169 
SAA1057 radio tuning PLL frequency synthesizer (SYMO I!) 545 
SAA1064P 4-digit LED driver; |? C-bus 555 
SAA1099 stereo sound generator for sound effects and 

music synthesis (4C-controlled) 565 
SAA1300 tuner switching circuit; |? C-bus 581 
SAA3004P high performance transmitter (455 kHz) for 

infrared remote control; up to 448 commands 585 
SAA3004T high performance transmitter (455 kHz) for 

infrared remote control; up to 448 commands 585 

: SAA3006P high performance transmitter (RC-5) for infrared 

remote control; up to 2048 commands 595 
SAA3007P high performance transmitter (455 kHz) for infrared 

remote control; up to 1280 commands; low voltage 609 
SAA3007T high performance transmitter (455 kHz) for infrared 

remote control; up to 1280 commands; low voltage 609 
SAA3008 P high performance transmitter (38 kHz) for infrared 

remote control; low voltage 623 
SAA3008T high performance transmitter (38kHz) for infrared 

remote control; low voltage 623 
SAA3009P infrared remote control decoder; decodes 64 commands 

(RECS80/RC-5); up to 32 subaddresses; high current 

output capability for direct LED drive 637 
SAA3010P high performance transmitter (RC-5) for infrared 

remote control; low voltage 647 
SAA3010T high performance transmitter (RC-5) for infrared 

remote control; low voltage 647 
SAA3028 high performance transcoder (RC-5) for infrared 

remote control; I? C-bus 663 
SAA3049P infrared remote control decoder, low current 

version of SAA3009 637 
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SAA3049T infrared remote control decoder, low current 

version of SAA3009 637 
SAA7210 decoder for Compact Disc (second generation) 671 
SAA722P digital filter and interpolator for Compact Disc 

(second generation) 693 
SAA7274P audio digital input circuit (ADIC) 715 
SAA7274T audio digital input circuit (ADIC) 715 
SAA7310P decoder for Compact Disc (third generation) 727 
SAA7310GP decoder for Compact Disc (third generation) 727 
SAA7320GP stereo DAC for Compact Disc 757 
SAD7630P CCD delay line for error correction in video and sound 

carrier timebases (laservision players) 777 
SAF 1032P receiver/decoder for infrared remote control 787 
SAF 1039P transmitter for infrared remote control 787 
SE5410F 10-bit high-speed multiplying DAC 119 
SE5532FE internally-compensated dua! low noise operational amplifier 129 
SE5532AFE internally-compensated dual low noise operational amplifier 129 
SE5534N dual and single low noise operational amplifier 136 
SE5534AN dual and single low noise operational amplifier 135 
SE5534FE dual and single low noise operational amplifier 135 
SE5534AFE dual and single low noise operational amplifier 135 
TDA1001B interference and noise suppression circuit for FM receivers 801 
TDA1001BT interference and noise suppression circuit for FM receivers 801 
TDA1010A 6 W audio power amplifier for in-car applications/10 W 

audio power amplifier for mains-fed applications 811 
TDA1011 2 to 6 W audio power amplifier with preamplifier 829 
TDA1013B 4 W audio power amplifier with DC volume control 841 
TDA1015 1 to 4 W audio power amplifier with preamplifier 849 
TDA1015T 0.5 W audio power amplifier with preamplifier 859 
TDA1016 2 W recording/playback audio power amplifier with 

preamplifier, automatic level control, short circuit 

and thermal protection 865 
TDA1020 12 W audio power amplifier with preamplifier for car radios 871 
TDA1029 signal-sources switch (4 x two channels) 877 
TDA1059B motor speed regulator with thermal shut-down; 

multiplication coefficient = 9; drop-out voltage = 1.8 V 891 
TDA1072A AM receiver circuit for hi-fi and car radios 897 
TDA1072AT AM receiver circuit for hi-fi and car radios 913 
TDA1074A dual tandem electronic potentiometer circuit 931 
TDA1510 24 W BTL or 2 x 12 W stereo car radio power amplifier 941 
TDA1510A 24 W BTL or 2 x 12 W stereo car radio power amplifier 941 
TDA1512 12 to 20 W hi-fi audio power amplifier 983 
TDA15120 12 to 20 W hi-fi audio power amplifier 983 
TDA1514A 50 W hi-fi power amplifier for digital audio 

(e.g. Compact Disc) 989 
TDA1515B 24 W or 2 x 12 W stereo car radio power amplifier 997 
TDA15160 22 W BTL or 2 x 11 W stereo car radio power amplifier; 

closed loop voltage gain 26 dB 1003 
TDA1517 2 x 6 W stereo car radio audio power amplifier (20 dB gain) 1011 
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22 W BTL or 2 x 11 W stereo car radio power amplifier; 

2 x 6 W stereo car radio audio power amplifier (40 dB gain) 
22 W BTL or 2 x 11 W stereo car radio power amplifier 

12 W BTL or 2 x 6 W stereo car radio power amplifier 


20 W hi-fi audio power amplifier; complete SOAR protection 
20 W hi-fi audio power amplifier; complete SOAR protection 


stereo playback amplifier/equalizer with mute switch 


time multiplex PLL stereo decoder for hi-fi and car radios 
traffic warning decoder circuit (AM carriers); ARI system 
traffic warning decoder circuit (AM carriers); ARI system 
traffic control message and warning tone circuit; ARI system 


time multiplex PLL stereo decoder for hi-fi and car radios 
multi-function oscillator switch for audio cassette recorders 


high performance receiver for infrared remote control; 
high performance receiver for infrared remote control; 
high performance receiver for infrared remote control; 


high performance receiver for infrared remote control; 


DC motor drive circuit with magnetic-field detector 


FM radio circuit; mono (in SO16 plastic mini-pack) 


type description 
TDA15180 
closed loop voltage gain 46 dB 
TDA1519 
TDA1519A 
TDA1519B 
TDA1520B 
TDA1520BQ 
TDA1521 2 x 12 W hi-fi stereo audio power amplifier 
TDA1521A 2 x 6 W hi-fi stereo audio power amplifier 
TDA15210 2 x 12 W hi-fi stereo audio power amplifier 
TDA1522 
TDA1524A stereo tone/volume control circuit 
TDA1525 stereo tone/volume control circuit 
TDA1534 14-bit ADC 
TDA1535 high-speed sample-and-hold amplifier 
TDA1541A dual 16-bit DAC 
TDA1542 active element for post filtering (dual channel) 
TDA1543 dual 16-bit economy DAC (1?S-bus format) 
TDA1572 AM receiver circuit for stereo hi-fi and car radios 
TDA1572T AM receiver circuit for stereo hi-fi and car radios 
TDA1574 integrated FM tuner for radio receivers 
TDA1574T integrated FM tuner for radio receivers 
TDA1576 FM/IF amplifier and detector 
TDA1578A 
TDA1579 
TDA1579T 
TDA1589 
TDA1596 FM/IF amplifier and detector 
TDA1596T FM/IF amplifier and detector 
TDA1598 
TDA1600 
TDA2611A 5 W audio power amplifier 
TDA2613 6 W hi-fi audio power amplifier 
TDA3047P 
positive output voltage 
TDA3047T 
positive output voltage 
TDA3048P 
negative output voltage 
TDA3048T 
negative output voltage 
TDA3810 spatial, stereo and pseudo-stereo sound circuit 
TDAS040T 
TDA5708 photo diode signal processor for Compact Disc 
single-spot read-out systems 
TDAS5709 radial error signal processor for Compact Disc 
TDA7000 FM radio circuit; mono (in plastic DIL18) 
TDA7010T 
TDA7021T FM radio circuit; stereo/mono; for low voltage 


micro tuning system (MTS) 


NUMERICAL 
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type description page 
TDA7030T low voltage micro tuning system (MTS) 1407 
TDA7040T PLL stereo decoder; low voltage 1415 
TDA7050 150 mW BTL or 2 x 75 mW stereo audio power amplifier; 
low voltage 1423 
TDA7050T 150 mW BTL or 2 x 75 mW stereo audio power amplifier; 
low voltage 1427 
TDA7052 1W BTL mono audio amplifier for portable applications 1431 
TDA7053 2x 1W BTL stereo audio power amplifier for 
portable applications 1437 
TDA8420 hi-fi stereo audio processor; |? C-bus 1445 
TDA8421 hi-fi stereo audio processor; |* C-bus 1467 
TDA8425 hi-fi stereo audio processor; 17 C-bus 1489 
TDA8444 octuple 6-bit DAC; |? C-bus 1511 
TDA8808AT photo diode signal processor for Compact Disc 1519 
TDA8808T photo diode signal processor for Compact Disc 1519 
TDA8808 transfer functions 1539 
TDA8809T radial error signal processor for Compact Disc 1559 
TDA8809 transfer functions 1571 
TDB1080 IF limiting amplifier, FM detector and audio amplifier 1583 
TDB1080T IF limiting amplifier, FM detector and audio amplifier 1583 
TDD1601 equalizer for audio cassette recorders 1589 
7TDD1742T low power frequency synthesizer (LOPSY) 1605 
TEA0651 Dolby B & C noise reduction circuit 1627 
TEA0652 Dolby B & C noise reduction circuit 1627 
TEA0653T stereo or 2-channe!l Dolby B noise reduction circuit 1645 
TEA0654 preamplifier and electronic switch for Dolby B & C 
Noise reduction circuits 1627 
TEAO657 dual Dolby B noise reduction circuit 1651 
TEAO665 Dolby B & C processor with preamplifier and 
electronic switch 1659 
TEAO665T Dolby B & C processor with preamplifier and 
electronic switch 1659 
TEAO666 Dolby B & C processor with preamplifier and 
electronic switch; changed frequency response 
in relation to TEAO665 1669 
TEAO666T Dolby B & C processor with preamplifier and 
electronic switch; changed frequency response 
in relation to TEAO665 1669 
TEA0670T Dolby B & C processor with preamplifier and 
electronic switch; low voltage 1679 
TEA5551T single-chip AM radio circuit, plus dual AF amplifier, 
for pocket receivers with headphones 1685 
TEA5570 AM/FM radio receiver circuit 1697 
TEA5580 PLL stereo decoder for medium-fi and car radios 1711 
TEA5581 PLL stereo decoder with source selector switch 
for medium-fi and car radios 1721 
TEA5581T PLL stereo decoder with source selector switch 
for medium-fi and car radios 1721 
TEA5591 AM/FM radio receiver circuit 1733 
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TEA6100 FM/IF systern and microcomputer-based tuning 

interface; |? C-bus 1751 
TEA6200 AM upconversion radio receiver; 10.7 MHz IF 1775 
TEA6300 car radio preamplifier and source selector with 

sound and fader controls; |* C-bus 1787 
TEA6300T car radio preamplifier and source selector with 

sound and fader controls; |? C-bus 1787 
TEA6310T sound fader control circuit; |? C-bus 1803 
TSA6057 radio tuning PLL frequency synthesizer; |? C-bus 1821 
TSA6057T radio tuning PLL frequency synthesizer; I? C-bus 1821 
uA7T58N FM stereo multiplex decoder; PLL 1831 
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MAINTENANCE TYPE LIST 


MAINTENANCE 
TYPE LIST 


The types listed below are not included in this handbook. Detailed information will be supplied on 


request. 


SAA1056P 
SAA3027 


TCA730A 
TCA740A 


TDA1011A 
TDA1506 


TDA1508 


TDA1533 


TDA7020T 


PLL frequency synthesizer 
infrared remote control transmitter (RC-5) 


DC volume and balance stereo control circuit 
DC treble and bass stereo control circuit 


2 to 6 W audio power amplifier 

motor regulator and function controller 
for car cassette systems 

auto-reverse car radio cassette deck 
steering circuit 

PLL motor speed control circuit for 
hi-fi applications 

low voltage FM stereo radio circuit 


successor type 
successor type 


successor type 


successor type 


: SAA1057 
: SAA3006 


: TDA1011 


: TDA7021T 
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GENERAL 


Product status defenition for type numbers 
with prefixes CA, MC, NE, SA, SE and pA 


Ordering information for type numbers 
with prefixes CA, MC, NE, SA, SE and pA 


Type designation for type numbers with prefixes 
HEF, MAB, MAF, OM, PCA, PCB, PCF, PNA, 
SAA, SAD, SAF, TDA, TDB, TDD, TEA and TSA 

Rating systems 


Handling MOS devices 
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PRODUCT STATUS 
DEFINITION 


For type numbers with prefixes CA, MC, NE, SA, SE and pA 


DEFINITIONS 


Product Status 


Formative or Ir Design 


Data Sheet 
Identification 


This data sheet contains the design target or goal 
spectications for product development. Specifications may 
change in any manner without notice 
Thes data sheet contains pretirrunary data and supplementary 
data will bo published al a later date, Signetics reserves the 
ight to make changes at any bme without notice in order to 
imorove design ard supoly the best possible product. 
This data sheet contains Final Specificatons. Signetics 
reserves the right lo make changes at any time without 
notice in order to improve design and supply the best 
possible product. 
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ORDERING 
INFORMATION 


Signetics' Linear integrated circuit prod- 
ucts may be ordered by contacting either 
the local Signetics sales office, Signetics 
representatives and/or Signetics autho- 
nized distributors. A complete listing is 
located in the back of this manual. 
Minimum Factory Order: 
Commercial Product: 

$1000 per order 

$250 per line item per order 


Military Product: 
$250 per line item per order 


Table 1 provides part number informa- 
tion concerning Signetics originated 
products. 

Table 2 is a cross reference of both the 
old and new package suffixes for all 
presently existing types, while Tables 3 
and 4 provide appropriate explanations 
on the various prefixes employed in the 
part number descriptions. 


As noted in Table 3, Signetics defines 
device operating temperature range by 
the appropriate prefix. It shouid be not- 
ed, however, that an SE prefix (-55°C to 
+125°C) indicates only the operating 
temperature range of a device and not 
its military qualification status. The mili- 
tary qualification status of any Linear 
product can be determined by either 
looking in the Military Data Manual and/ 
or contacting your local sales office. 


For type numbers with prefixes CA, MC, NE, SA, SE and pA 


Table 1. Part Number Description 


CROSS REF 
PART NO. 


PRODUCT 
DESCRIPTION 


PRODUCT 
PART NUMBER FAMILY 


NE5537N LF398 


Product Function 


Linear Product Family 


> Package Descriptions — See Table 2 
Device Number 


———————_ Device Family and Temperature Range Prefix — See 
Tables 3 & 4 
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For type numbers with prefixes CA, MC, NE, SA, SE and vA 


Table 2. Package Descriptions 


Table 3. Signetics Prefix and 
Device Temperature 


DEVICE TEMPERATURE 
RANGE 


0 to +70°C 
-55°C to +125°C 


PACKAGE 
DESCRIPTION 


14-lead plastic DIP 
14-lead plastic DIP 
(selected analog 


oz 


RMS 22222602 


mo 


24-lead plastic DIP 

10-, 14-, 16-, and 
24-lead ceramic 
flat 

8-lead TO-99 

SIP plastic power 

8-lead plastic DIP 

18-lead plastic DIP 

20-lead plastic DIP 

22-lead plastic DIP 

28-lead plastic DIP 

PLCC 

TO-46 header 

8-lead ceramic DIP 


products only) -40°C to +85°C 
N 16-lead plastic DIP 
D Microminiature 
package (SO) 
F 14-, 16-, 18-, 22-, 
and 24-lead 
ceramic DIP 
(Cordip) Industry Standard 
1 14-, 16-, 18+, 22-, incieatry Seanad 
28-, and 4-lead induatsy Standard 
ceramic DIP industry Standard 
H 10-lead TO-100 endusiry ‘Standard 
H 10-lead high-profile Industry Standard 
TO-100 can Industry Standard 


Industry Standard 
Industry Standard 
Industry Standard 
Industry Standard 
Industry Standard 
Industry Standard 
Industry Standard 
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TYPE 
DESIGNATION 


For type numbers with prefixes HEF, MAB, MAF, OM, PCA, 
PCB, PCF, PNA, SAA, SAD, SAF, TDA, TDB, TDD, TEA and TSA 


PRO ELECTRON TYPE DESIGNATION CODE 
FOR INTEGRATED CIRCUITS 


This type nomenclature applies to semiconductor monolithic, semiconductor multi-chip, thin-film, 
thick-film and hybrid integrated circuits. 


A basic number consists of: 
THREE LETTERS FOLLOWED BY A SERIAL NUMBER 


FIRST AND SECOND LETTER 
1. DIGITAL FAMILY CIRCUITS 

The FIRST TWO LETTERS identify the FAMILY (see note 1). 
2. SOLITARY CIRCUITS 

The FIRST LETTER divides the solitary circuits into: 


S : Solitary digital circuits 
T : Analogue circuits 
U: Mixed analogue/digital circuits 


The SECOND LETTER isa serial letter without any further significance except ‘H’ which stands 
for hybrid circuits. 


3. MICROPROCESSORS 
The FIRST TWO LETTERS identify microprocessors and correlated circuits as follows: 
_ | Microcomputer 


MA : | Central processing unit 

MB : Slice processor (see note 2) 

MD : Correlated memories 

ME : Other correlated circuits (interface, clock, peripheral controller, etc.) 


4. CHARGE-TRANSFER DEVICES AND SWITCHED CAPACITORS 
The FIRST TWO LETTERS identify the following: 


NH : Hybrid circuits 

NL : Logic circuits 

NM : Memories 

NS _: Analogue signal processing, using switched capacitors 
NT : Analogue signal processing, using CTDs 

NX : Imaging devices 

NY : Other correlated circuits 


Notes 


1. A logic family is an assembly of digital circuits designed to be interconnected and defined by its 
basic electrical characteristics (such as: supply voltage, power consumption, propagation delay, 
noise immunity). 

2. By ‘slice processor’ is meant: a functional slice of microprocessor. 
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THIRD LETTER 


It indicates the operating ambient temperature range. 
The letters A to G give information about the temperature: 


: temperature range not specified 
: Oto+70°C 

: —55 to+ 125 °C 

: —25 to +70 °C 

: —25 to +85 °C 

: —40 to + 85 °C 

: —55 to + 85 °C 


Onmoawyp 


If a circuit is published for another temperature range, the letter indicating a narrower temperature 
range may be used or the letter ‘A’. 


Example: the range 0 to + 75 °C can be indicated by ‘B’ or ’A’. 


SERIAL NUMBER 


This may be either a 4-digit number assigned by Pro Electron, or the serial number (which may be a 
combination of figures and letters) of an existing company type designation of the manufacturer. 


To the basic type number may be added: 
A VERSION LETTER 


Indicates a minor variant of the basic type or the package. Except for ‘Z’, which means customized 
wiring, the letter has no fixed meaning. The following letters are recommended for package variants: 
: for cylindrical 

: for ceramic DIL 

: for flat pack 

: for chip on tape 

: for plastic DIL 

: for QIL 

: for miniature plastic (mini-pack) 

: for uncased chip 


Alternatively a TWO LETTER SUFFIX may be used instead of a single package version letter, if the 
manufacturer (sponsor) wishes to give more information. 


FIRST LETTER: General shape SECOND LETTER: Material 


C : Cylindrical C : Metal-ceramic 
D : Dual-in-line (DIL) G : Glass-ceramic (cerdip) 
E : Power DIL (with external heatsink) M: Metal 

F : Flat (leads on 2 sides) P : Plastic 

G : Flat (leads on 4 sides) 

K : Diamond (TO-3 family) 

M: Multiple-in-line (except Dual-, Triple-, Quadruple-in-line) 
Q 

R 

S 

T 

A 


CAO VEO. O 


: Quadruple-in-line (QIL) 

: Power QIL (with external heatsink) 
: Single-in-line 

: Triple-in-line 


hyphen precedes the suffix to avoid confusion with a version letter. 
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RATING 
SYSTEMS 


For type numbers with prefixes HEF, MAB, MAF, OM, PCA, 
PCB, PCF, PNA, SAA, SAD, SAF, TDA, TDB, TDD, TEA and TSA 


RATING SYSTEMS 


The rating systems described are those recommended by the International Electrotechnical Commission 
(IEC) in its Publication 134. 


DEFINITIONS OF TERMS USED 
Electronic device. An electronic tube or valve, transistor or other semiconductor device. 


Note 
This definition excludes inductors, capacitors, resistors and similar components. 


Characteristic. A characteristic is an inherent and measurable property of a device. Such a property 
may be electrical, mechanical, thermal, hydraulic, electro-magnetic, or nuclear, and can be expressed 
as a value for stated or recognized conditions. A characteristic may also be a set of related values, 
usually shown in graphical form. 


Bogey electronic device. An electronic device whose characteristics have the published nominal values 
for the type. A bogey electronic device for any particular application can be obtained by considering 
only those characteristics which are directly related to the application. 


Rating. A value which establishes either a limiting capability or a limiting condition for an electronic 
device. It is determined for specified values of environment and operation, and may be stated in any 
suitable terms. 


Note 
Limiting conditions may be either maxima or minima. 


Rating system. The set of principles upon which ratings are established and which determine their 
interpretation. 

Note 

The rating system indicates the division of responsibility between the device manufacturer and the 
circuit designer, with the object of ensuring that the working conditions do not exceed the ratings. 


ABSOLUTE MAXIMUM RATING SYSTEM 


Absolute maximum ratings are limiting values of operating and environmental conditions applicable to 
any electronic device of a specified type as defined by its published data, which should not be exceed- 
ed under the worst probable conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking no responsibility for equipment variations, environmental variations, and the effects of changes 
in operating conditions due to variations in the characteristics of the device under consideration and 
of all other electronic devices in the equipment. 


The equipment manufacturer should design so that, initially and throughout life, no absolute maximum 
value for the intended service is exceeded with any device under the worst probable operating con- 
ditions with respect to supply voltage variation, equipment component variation, equipment control 
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics 
of the device under consideration and of all other electronic devices in the equipment. 
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RATING 
SYSTEMS 


DESIGN MAXIMUM RATING SYSTEM 


Design maximum ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed. 
ed under the worst probable conditions. 

These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking responsibility for the effects of changes in operating conditions due to variations in the charac 

teristics of the electronic device under consideration. 


The equipment manufacturer should design so that, initially and throughout life, no design maximum 
value for the intended service is exceeded with a bogey device under the worst probable operating 
conditions with respect to supply voltage variation, equipment component variation, variation in 
characteristics of all other devices in the equipment, equipment control adjustment, load variation, 
signal variation and environmental conditions. 


DESIGN CENTRE RATING SYSTEM 


Design centre ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed 
ed under normal conditions. 


These values are chosen by the device manufacturer to provide acceptable serviceability of the device 

in average applications, taking responsibility for normal changes in operating conditions due to rated 
supply voltage variation, equipment component variation, equipment control adjustment, load variation, 
signal variation, environmental conditions, and variations in the characteristics of all electronic devices. 


The equipment manufacturer should design so that, initially, no design centre value for the intended 
service is exceeded with a bogey electronic device in equipment operating at the stated normal supply 
voltage. 
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HANDLING 
MOS DEVICES 


HANDLING MOS DEVICES 

Though all our MOS integrated circuits incorporate protection against electrostatic discharges, they 
can nevertheless be damaged by accidental over-voltages. In storing and handling them, the following 
precautions are recommended. 


Caution 


Testing or handling and mounting call for special attention to personal safety. Personnel handling MOS 
devices should normally be connected to ground via a resistor. 


Storage and transport 


Store and transport the circuits in their original packing. Alternatively, use may be made of a conductive 
material or special IC carrier that either short-circuits all leads or insulates them from external contact. 


Testing or handling 


Work on a conductive surface (e.g. metal table top) when testing the circuits or transferring them from 
one carrier to another. Electrically connect the person doing the testing or handling to the conductive 

surface, for example by a metal bracelet and a conductive cord or chain. Connect all testing and hand- 

ling equipment to the same surface. 

Signals should not be applied to the inputs while the device power supply is off. All unused input leads 
should be connected to either the supply voltage or ground. 


Mounting 


Mount MOS integrated circuits on printed circuit boards after all other components have been mounted. 
Take care that the circuits themselves, metal parts of the board, mounting tools, and the person doing 
the mounting are kept at the same electric (ground) potential. If it is impossible to ground the printed- 
circuit board the person mounting the circuits should touch the board before bringing MOS circuits 

into contact with it. 


Soldering 


Soldering iron tips, including those of low-voltage irons, or soldering baths should also be kept at the 
same potential as the MOS circuits and the board. 


Static charges 


Dress personnel in clothing of non-electrostatic material (no wool, silk or synthetic fibres). After the 
MOS circuits have been mounted on the board proper handling precautions should still be observed. 
Until the sub-assemblies are inserted into a complete system in which the proper voltages are supplied, 
the board is no more than an extension of the leads of the devices mounted on the board. To prevent 
static charges from being transmitted through the board wiring to the device it is recommended that 
conductive clips or conductive tape be put on the circuit board terminals. 


Transient voltages 


To prevent permanent damage due to transient voltages, do not insert or remove MOS devices, or 
printed-circuit boards with MOS devices, from test sockets or systems with power on. 


Voltage surges 
Beware of voltage surges due to switching electrical equipment on or off, relays and d.c. lines. 
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DEVICE DATA 


DESCRIPTION 


CA3089 is a monolithic integrated circuit 
that provides all the functions of a com- 
prehensive FM IF system. The block 
diagram shows the CA3089 features, 
which include a three-stage FM IF ampli- 
fier/limiter configuration with level de- 
tectors for each stage, a doubly-bal- 
anced quadrature FM detector and an 
audio amplifier that features the optional 
use of a muting (squelch) circuit. 


The circuit design of the IF system 
includes desirable features such as de- 
layed AGC for the RF tuner, an AFC 
drive circuit, and an output signal to drive 
a tuning meter and/or provide stereo 
switching logic. In addition, internal pow- 
er supply regulators maintain a nearly 
constant current drain over the voltage 
supply range of +8V to +18V. 


The CA3089 is ideal for high-fidelity 
operation. Distortion in a CA3089 FM IF 
system is primarily a function of the 
phase linearity characteristic of the out- 
board detector coil. 


BLOCK DIAGRAM 


CA3089 
FM IF System 


Product Specification 


The CA3089 utilizes a 16-lead dual-in- 

line plastic package and can operate 

over the ambient temperature range of 

-40°C to +85°C. 

FEATURES 

© Exceptional limiting sensitivity: 
10uV typ. at -3dB point 

*® Low distortion: 0.1% typ. (with 
double-tuned coil) 

© Single-coil tuning capability 

High recovered audio: 400mV 
typ. 

e Provides specific signal for 
control of interchannel muting 
(squelch) 

e Provides specific signal for direct 
drive of a tuning meter 

e Provides delayed AGC voltage 
for RF amplifier 

e Provides a specific circuit for 
flexible AFC 

e Internal supply/voltage regulators 


TO INTERNAL 
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NOTES: 
1 All resistor values are typical and in ohms Qo » 
2 L tunes with 100pF (C) at 10 7MHe 


75 (Gt EX27825 of equivalent) 
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PIN CONFIGURATION 
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APPLICATIONS 
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© High-fidelity FM receivers 
e Automotive FM receivers 
e Communications FM receivers 
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FM IF System CA3089 


EQUIVALENT SCHEMATIC 
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Product Specification 


FM IF System CA3089 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic DIP -40°C to +85°C CA3089N 


ABSOLUTE MAXIMUM RATINGS 


DC supply voltage: 
between terminals 11 and 4 
between terminals 11 and 14 


18 Vv 

18 a 
en linearly 

6.7 mWw/°C 


Operating ambient temperature range 
Storage temperature range -65 to +150 me 


DC current (out of Terminal 15) 
Device dissipation: 


up to Ta = 60°C 
above T, = 60°C 


Lead soidering temperature 
(10sec max) 
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Product Specification 


FM IF System CA3089 


DC ELECTRICAL CHARACTERISTICS T, = 25°C, V* = 12V, unless othenwise specified. 


tye | max | 


Static (DC) Characteristics 
hy Quiescent circuit current No signal input, non-muted 16 23 30 mA 


pM [Posen rt No signal input, non-muted 24 Vv 
Terminal 3 (DC bias to input) No signai input, non-muted 3 h 24 v 
Ve Terminal 6 (audio output) No signal input, non-muted 5.0 5.6 6.0 Vv 
Vv; Terminal 7 (AFC) No signal input, non-muted 5.0 56 6.0 Vv 
Vio Terminal 10 (DC reference) | No signal input, non-muted 50 5.6 6.0 v 


Dynamic Characteristics 


| Vian | Input limiting voltage (-348 point)? 10 25 pV 


‘ Vy = O.1V, fo = 10.7MHz, 
eeu sacar | ve Hz, AM Mod = 20% dB 


| Vo | Recovered audio voltage (Terminal 6° | | 400 | 500 | 600 mV 
] 


THD 
THD 


S+N/N | Signal pius noise-to-noise ratio (Terminal 6)* | Dewation = + 75kHz, Viy = 0.1V 
MUy Mute input (Terminal 5) | Vs = 2.5V 


aw 
oo 
aa 
" 


Mute output (Terminal 12) Vin = SOnV 05 v 

| Ving = OV v 
MTR | Meter output (Terminal 13) | 35 vd 
1.5 v | 
07 Vv | 
AGC | Delay AGC (Terminal 15) Vin = 0.01V 05 Vv 
Vin = 10nV 50 v | 
THD | Double tuned (Terminal 6)* fyoo = 400Hz 04 %* | 
Vin = 0.1 

NOTES ae 


1 THD sheracteraécs and audo level are essentially « tuncton of the phase and © charsctenstics of the network connected between Torminals 8, 9, 
10. 


2 Test circuit Figure 1. 
3. Test crcuit Figure 2. 
4, Test circuit Figures 1 and 2. 
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Product Specification 


FM IF System CA3089 


TEST CIRCUITS 


— 


SiGray arc OureuT 


ous iy 
wourace 


SIGNAL afc OUTPUT 
euUT 
wOuraGe 


| 


NOTES: 
1. L tunes with 100pF (C) at 10.7MHz. 
2. All resistor values are typical and in ohms. 


3. Qo (unicaded) = 75 (G1. automatic mig. div. EX27625 of equivalent) 
Figure 1. Test Circuit Using a Single-Tuned Detector Coil 


T. Pn— Co (unloaded) ~ 75 (tunes with 100pF (C1) 20 ¢ of 34e on 7/32' dia. 
-Q (unloaded) = 75 (tunes with 100pF (C2) 20 ¢ of 34e on 7/32 


(Acustec for cod voltage Vo = 150mvV) 
Above values permet proper operaton of mute (squelch) orcuit "E” type slugs, 
spacing 4mm 


Figure 2. Test Circuit Using a Double-Tuned Detector Coll 
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CA3089 


TEST CIRCUITS 


is 300 }& $0. Ry + AS <350N 


SYSTEM DESIGN 
CONSIDERATIONS 

The CA3089 is a very high gain device and 
therefore careful consideration must be given 
to the layout of external components to 
minimize feedback. The input bypass capac+ 
tors should be located close to the input 
terminals and the values should not be large 


stabéty depending on oroul isyout To mcrease stability As © decreased. 
4. L Rimes wih 100pF (C) st 10.7MHz Op uniosded = 75 (G1 EXZTE2S o equvalent). 
= SEMHZ, fon = 400HZ, Gevaton = + 74krt: 

22 (antenna level) 


1p¥ (antenna level) 
1.5p¥ (antenna level) 


Figure 3. Typical FM Tuner With a Single-Tuned Detector Coil 


nor should the capacitors be of the type 
which might introduce inductive reactance to 
the circuit. An exampie of good bypass ca- 
pacitors would be ceramic disc with values in 
the range of 0.01 to 0.05yF. 


The input impedance of the CA3089 is ap- 
proximately 10,0002. It is not recommended 


TYPICAL PERFORMANCE CHARACTERISTICS 
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OC VOLTAGE SUPPLY V = = 12¥ 
AMBIENT TEMPERATURE (T A) «= - 25°C 
TEST CIRCUIT — SEE FIGURE 3 


to match this impedance. The value of the 
input termination resistor should be as low as 
possible without degrading system operation 
The lower the value of this resistor the 
greater the system stability. An input terminat- 
ing resistor between 502 and 10022 is recom- 
mended. 


AFC Characteristics 


(Current at Terminal 7 as a 
function of change in frequency.) 


oc vo.Ts 
CURRENT INTO TERMINAL TA 


52 


OC POWER SUPPLY (V+) = 12¥ 
AMBIENT TEMPERATURE (Ta) = 25°C 
SEE TEST CIRCUIT FIGURE 3 
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FREQUENCY SYNTHESIZER 


The HEF4750V frequency synthesizer is one of a pair of LOCMOS devices, primarily intended for use 
in high-performance frequency synthesizers, e.g. in all communication, instrumentation, television and 
broadcast applications. A combination of analogue and digital techniques results in an integrated 
circuit that enables high performance. The complementary device is the universal divider type 
HEF4751V. 


Together with a standard prescaler, the two LOCMOS integrated circuits offer low-cost single loop 
synthesizers with full professional performance. Salient features offered (in combination with 
HEF4751V) are: 


Wide choice of reference frequency using a single crystal. 
High-performance phase comparator — low phase noise — low spurii. 
System operation to > 1 GHz. 
Typical 15 MHz input at 10 V. 
Flexible programming: 
frequency offsets 
ROM compatible 
fractional channel capability. 
Programme range 6% decades, including up to 3 decades of prescaler control. 
Division range extension by cascading. 
Built-in phase modulator. 
Fast lock feature. 
Out-of-lock indication. 
Low power dissipation and high noise immunity. 


APPLICATION INFORMATION 
Some examples of applications for the HEF4750V in combination with the HEF4751V are: 


VHF/UHF mobile radios. 

HF s.s.b. transceivers. 

Airborne and marine communications and navaids. 
Broadcast transmitters. 

High quality radio and television receivers. 

High performance citizens band equipment. 

Signal generators. 


SUPPLY VOLTAGE 


rating recommended 
operating 


—0,5 to+ 15 9,5 to 10,5 V 
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v Vpp 
STB MOD 
TCB OUT 
OL R 
TCA NS, 
TRA NSo 
TCC osc 

HEF4750V 
PCy XTAL 
PCo Ag 
Ao Ag 
Ay Aj 
Ay Ag 
A3 As 
Vg Ay 


7284472 


Fig. 1 Pinning diagram. 


PINNING 


HEF4750VD: 28-lead DIL; ceramic (cerdip) (SOT 135A). 


phase comparator input, reference 
phase comparator input 

strobe input 

timing capacitor Ca pin 

timing capacitor Cg pin 

timing capacitor Cc pin 

biasing pin (resistor R ~) 

analogue phase comparator output 
digital phase comparator output 
phase modulation input 
out-of-lock indication 

reference oscillator/buffer input 
reference oscillator/buffer output 
programming inputs/programmable 
divider 

programming inputs, prescaler 
reference divider output 
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FUNCTIONAL DESCRIPTION 
Phase comparator 1 


Phase comparator 1 (PC1) is built around a SAMPLE and HOLD circuit. A negative-going transition at 
the V-input causes the hold capacitor (Ca) to be discharged and after a specified delay, caused by the 
Phase Modulator by means of an internal V’ pulse, it produces a positive-going ramp. A negative-going 
transition at the R-input terminates the ramp. Capacitor Ca holds the voltage that the ramp has 
attained. Via an internal sampling switch this voltage is transferred to Cc and in turn buffered and 
made available at output PC. 


If the ramp terminates before an R-input is present, an internal end of ramp (EOR) signal is produced. 
These actions are illustrated in Fig. 3. 


Vv’ | | 
determined by the 
— i<+—_— phase modulator 


TCA 7 ' 
(analogue) 


voltage 
transferred to TCC 


EOR 


analogue 
sampling 
switch ‘S' 


TEs 
(analogue) 


7Z84474 


Fig. 3 Waveforms associated with PC1. 
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The resultant phase characteristic is shown in Fig. 4. 


PC, 
output 
voltage 


—— 27 —e 


7284476 20'S PR 


Fig. 4 Phase characteristic of PC. 


PC1 is designed to have a high gain, typically 3200 V/cycle (at 12,5 kHz). This enables a low noise 
performance. 


Phase comparator 2 


Phase comparator 2 (PC2) has a wide range, which enables faster lock times to be achieved than 
otherwise would be possible. It has a linear + 360° phase range, which corresponds to a gain of 
typically 5 V/cycle. This digital phase comparator has three stable states: 

— reset state, 

— V' leads R state, 

— R leads V’ state. 

Conversion from one state to another takes place according to the state diagram of Fig. 5. 


active R- edge active R- edge 
(negative going) (negative going) 
= eg oe 
) Cm) 
active V- edge active V - edge 
(negative going) (negative going) 7284477 


Fig. 5 State diagram of PC2. 


Output PC2 produces positive or negative-going pulses with variable width; they depend on the phase 
relationship of R and V’. The average output voltage is a linear function of the phase difference. 
Output PC2 remains in the high impedance OF F-state in the region in which PC1 operates. The 
resultant phase characteristic is shown in Fig. 6. 
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FUNCTIONAL DESCRIPTION (continued) 


PC 2 
average 7 ¥ 3 a 
output 
voltage 


= 25 — 
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Fig. 6 Phase characteristic of PC2. 


Strobe function 


The strobe function is intended for applications requiring extremely fast lock times. In normal 
operation the additional strobe input (STB) can be connected to the V-input and the circuit will 
function as described in the previous sections. 


In single, phase-locked-loop type frequency synthesizers, the comparison frequency generally used is 
either the nominal channel spacing or a sub-multiple. PC2 runs at the higher frequency (a higher 
reference frequency must also be used), whilst strobing takes place on the lower frequency, thereby 
obtaining a decrease in lock time. In a system using the Universal Divider HEF4751V, the output OFS 
cycles on the lower frequency, the output OF F cycles on the higher frequency. 


Out-of-lock function 


There are a number of situations in which the system goes from the locked to the out-of-lock state 
(OL goes HIGH): 

1. When V' leads R, however out of the range of PC1. 

2. When R leads V’. 

3. When an R-pulse is missing. 

4. When a V-pulse is missing. 

5. When two successive STB-commands occur, the first without corresponding V-signal. 


Phase modulator 


The phase modulator only uses one external capacitor, Cg at pin TCB. A negative-going transition at 
the V-input causes Cg to produce a positive-going linear ramp. When the ramp has reached a value 
almost equal to the modulation input voltage (at MOD), the ramp terminates, Cg discharges and a 
start signal to the Ca-ramp at TCA is produced. A linear phase modulation is reached in this way. 

If no modulation is required, the MOD-input must be connected to a fixed voltage of a certain 
Positive value up to Vpp. Care must be taken that the V’ pulse is never smaller than the minimum 
value to ensure that the external capacitor of PC1 (C,) can be discharged during that time. Since the 
V’ pulse width is directly related to the TCB ramp duration, there is a requirement for the minimum 
value of this ramp duration. 


58 October 1980 | —. a2): = — 


Frequency synthesizer HEF 4750V 
LSI 


Reference oscillator 


The reference oscillator normally operates with an external crystal as shown in Fig. 2. The internal 
circuitry can be used as a buffer amplifier in case an external reference should be required. 


Reference divider 


The reference divider consists of a binary divider with a programmable division ratio of 1 to 1024 and 
a prescaler with selectable division ratios of 1, 2, 10 and 100, according to the following tables: 


@ Binary divider @ Prescaler 


N (Ag to Ag) division ratio programming word 
(NSg, NS) 


0 
O0<N< 1023 


In this way suitable comparison frequencies can be obtained from a range of crystal frequencies. The 
divider can also be used as a ‘stand alone’ programmable divider by connecting input TRA to Vpp, 
which causes all internal analogue currents to be switched off. 


Biasing circuitry 

The biasing circuitry uses an external current source or resistor, which has to be connected between 
the TRA and Vgg pins. This circuitry supplies all analogue parts of the circuit. Consequently the 
analogue properties of the device, such as gain, charge currents, speed, power dissipation, impedance 
levels etc., are mainly determined by the value of the input current at TRA. The TRA input must be 
decoupled to Vpp, as shown in Fig. 7. The value of Cp has to be chosen such that the TRA input is 
‘clean’, e.g. 10 nF at Ra = 68 kQ2. 


HEF4750V 


7284479 


Fig. 7 Decoupling of input TRA. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vpp —0,5to+15 V 
Voltage on any input Vy -0,5 toVpp + 0,5 V 
D.C. current into any input or output +1 max. 10 mA 
Power dissipation per package 

for Tamb = 0 to + 85 OC Prot max. 500 mW 
Power dissipation per output 

for Tamb = 0 to 85 OC P max. 100 mW 
Storage temperature Tstg —65 to+ 150 °C 
Operating ambient temperature Tamb —40 to +85 °C 


D.C. CHARACTERISTICS at Vpp = 10 V + 5%; voltages are referenced to Vss = 0 V, unless 
otherwise specified; for definitions see note 1. 


+25 
.| min. typ. max. 


Quiescent device 
current 


Input current; logic 
inputs, MOD 


Output leakage current 

at's Vpp 

TCA, hold-state 

TCC, analogue 
switch OF F 

PC9, high impedance 
OFF-state 


nA |3 


Logic input voltage 
LOW max. 0,3 Vpp 
HIGH min. 0,7 Vpp 
Logic output voltage 


=—= 50 | - - 50 j- - 50 
min. Vpp—50 mV 


LOW; at Jig |<1 pA 
HIGH 


Logic output current 
LOW; at Vo, = 0,5 V 


outputs OL, PC2, 
OUT 


output XTAL 
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Tamb (°C) 


parameter +25 +85 unit 
in. E .|min. typ. max.}min. typ. max. 


Logic output current 
HIGH; 
at VOH = Vpp—0,5 V 
outputs OL,PC2,OUT 
output XTAL 
Output TCC sink 
current 


Output TCC source 
current 


Internal resistance 
of TCC 
[output swing |< 200 mv 
specified output range: 


Output TCC voltage 
with respect to 
TCA input voltage 
Output PC sink 
current 
Output PC source 
current 
Internal resistance 
of PCy 
Joutput swing |< 200 mv 
specified output range: 


Output PC voltage 
with respect to 
TCC input voltage 


EOR generation 
VeEoR=VDD-VTCA 
Source current; HIGH 


at VouT = % Vpp: 
output in ramp mode 


TCA 
TCB 
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A.C. CHARACTERISTICS 
General note 


The dynamic specifications are given for the circuit built-up with external components as given in 

Fig. 8, under the following conditions; for definitions see note 1; for definitions of times see Fig. 19; 
Vpp = 10 V + 5%; Tamb = 25 OC; input transition times < 20 ns; Ra = 68 kQ + 30% (see also note 4); 
Cp = 270 pF; Cg = 150 pF; Cc = 1 nF; Cp = 10 nF; unless otherwise specified. 


Slew rate 

TCA STCA Ra=minimum | 12 

TCA STCA Ra=maximum | 12 

TCB Stcp Ra=minimum | 12 

TCB StcB - 10 - | V/us | Ra = maximum | 12 
Ramp linearity j 

TCA | TCA |= 2 - % | 13 

TCB ittca |- 2 - |% 13 
Start of TCA-ramp delay tcBcA | — 200 - Ins 
Delay of TCA-hold | tRcaA | - 40 = ns 
Delay of TCA-discharge ltwea |- 60 -—- Ins 
Start of TCB-ramp delay | tvcB ji - 60 — ns 
TCB-ramp duration iten | — 250 -— ns Vmop =4V 

| tres - 350 — ns Vmop =6 V 
| rcp - 450 — ns Vuop =8 V 

Required TCB min. | 

ramp duration | tecB - 160 — ns 14 
Pulse width i } 

V: LOW itpwvL  - 20 — Ins 

: HIGH 
: LOW 


: HIGH 


STB : LOW 
STB : HIGH 


Fall time 
TCA 
TCB 


Prescaler input frequency 


all division ratios 


Binary divider frequency 
Crystal oscillator frequency 


Average power supply current 
with speed-up 1: 10 
without speed-up 


all division ratios 


locked state 
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to Vgs OF Vop 


HEF4750V 


TRA TCA TCB_ TCC OSC XTAL 


Yop 7284480 


Fig. 8 Test circuit for measuring a.c. characteristics. 


NOTES 
1. Definitions: 
Ra = external biasing resistor between pins TRA and Vgg; 68 kQ + 30%. 
Ca = external timing capacitor for time/voltage converter, between pins TCA and Vgs. 
Cg = external timing capacitor for phase modulator, between pins TCB and Vss. 
Cc = external hold capacitor between pins TCC and Vss. 
Cp = decoupling capacitor between pins TRA and Vpp. 


Logic inputs: V, R, STB, Ag to Ag, NSg, NS, OSC. 
Logic outputs: OL, PC2, XTAL, OUT. 
Analogue signals: TCA, TCB, TCC, TRA, PC, MOD. 
2. TRA at Vpp; TCA, TCB, TCC and MOD at Vgg; logic inputs at Vss or Vpp.- 
3. All logic inputs at Vgs or Vpp. 
4. Ra connected; its value chosen such that ITRa = 100 HA. 
5. The analogue switch is in the ON position (see Fig. 9). 


TCA analogue 
switch 


Vss 7284481 


Fig. 9 Equivalent circuit for note 5. 
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NOTES (continued) 
6. The analogue switch is in the ON position (see Fig. 10). 


analogue Tcc 
switch V 
SS 


Fig. 10 Equivalent circuit for note 6. 


7284482 
This guarantees the d.c. voltage gain, combined with d.c.-offset. 


as 
Input condition: 0,3 Vpp < Vtca <9,7 Vop. 
AV=Vtcc-VTca: 
Yop 
10 
kQ 
A analogue 
Te switch 10 
kQ Fig. 11 Circuit for note 7. 
7284483 Vss 
8. 
Yop 
eg Pay 
Tec Fig. 12 Equivalent circuit for PCy 
sink current. 
Vsg 7284484 


TCC 
Fig. 13 Equivalent circuit for PCy 
Vss source current. 


7Z84485 


10. This guarantees the d.c. voltage gain, combined with d.c.-offset. 
Input condition: 0,3 Vop <Vt¢c <0,7 Vpp. 
AV = Vpc1—VTcc- 


Fig. 14 Circuit for note 10. 


7284486 
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11. Switching level at TCA, generating an EOR-signal, during increasing input voltage. 
12. 


70 % Vop 
specified 
30% Vpp peas 

| Fig. 15 Waveform at the output. 


7284487 


13. Definition of the ramp linearity at full swing. 


ramp waveform 


7Z84488 


Fig. 16 AV is the maximum deviation of the ramp waveform to the straight line, which joins the 
30% Vpp and 70% Vpp points. 


Linearity = ZV x 100%. 
2 


14. The external components and modulation input voltage must be chosen such that this requirement 
will be fulfilled, to ensure that Ca is sufficiently discharged during that time. 
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NOTES (continued) | 
15. Circuit connections for power supply current specification, with speed-up 1: 10. V and R are in the 
range of PC1, such that the output voltage at PC is equal to 5 V. 
fosc = 5 MHz (external clock) 
fsTp = 12,5 kHz 
fy = 125 kHz 


HEF4750V 


OL 


TRA TCA TCB TCC OSC XTAL 


7284489 


Fig. 17 Circuit for note 15. 
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16. Circuit connections for power supply current specification, without speed-up. V and R are in the 
range of PC1, such that the output voltage at PC is equal to 5 V. 
fosc = 5 MHz (external clock) 
ftp = 12,5 kHz 
fy = 12,5 kHz 


division ratio=400 


HEF4750V 
leg 


OL 
OSC XTAL 


TRA TCA TCB_ TCC 
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Fig. 18 Circuit for note 16. 
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Fig. 19 Waveforms showing times in the locked state. 
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UNIVERSAL DIVIDER 


The HEF4751V is a universal divider (U.D.} intended for use in high performance phase lock loop 
frequency synthesizer systems. It consists of a chain of counters operating in a programmable feedback 
mode. Programmable feedback signals are generated for up to three external (fast) + 10/11 prescaler. 


The system comprising one HEF4751V U.D. together with prescalers is a fully programmable divider 
with a maximum configuration of: 5 decimal stages, a programmable mode M stage (1 < M < 16, non- 
decimal fraction channel selection), and a mode H stage (H = 1 or 2, stage for half channel offset). 
Programming is performed in BCD code in a bit-parallel, digit-serial format. 

To accommodate fixed or variable frequency offset, two numbers are applied in parallel, one being 
subtracted from the other to produce the internal prograrnme. 

The decade selection address is generated by an internal programme counter which may run continuous- 
ly or on demand. Two or more universal dividers can be cascaded, each extra U.D. (in slave mode) adds 


two decades to the system. The combination retains the full programmability and features of a single U.D. 


The U.D. provides a fast output signal FF at output OFF, which can have a phase jitter of + 1 system 
input period, to allow fast frequency locking. The slow output signai FS at output OFS, which is 
jitter-free, is used for fine phase control at a lower speed. 


7284464 


Fig. 1 Pinning diagram. 


SUPPLY VOLTAGE HEF4751VP : 28-lead DIL; plastic (SOT117). 
HEF4751VD: 28-lead DIL; ceramic (cerdip) (SOT 135A). 
HEF4751VT : 28-lead mini-pack; plastic 


= recommended : 
rating saat (SO28; SOT 136A). 
—0,5 to +18 4,5t012,5V 


FAMILY DATA 
see Family Specifications 


Ipp LIMITS category LSI 
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Fig. 2 Block diagram. 
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Fig. 4 Timing diagram showing programme data inputs. 


Allocation of data input 


CO, % channel 
control | control 


ieee ee 


1 

2 

5 
10/11 


H = HIGH state (the more positive voltage) 
L = LOW state (the less positive voltage) 
X = state is immaterial 


72 October 1980 oe. SS ae es 


Aa : 0 
H=2;n,=1 
test state 


Universal divider HEF4751V 
LSI 


PROGRAMME DATA INPUT (see also Figs 3 and 4) 


The programming process is timed and controlled by input PC and PE. When the programme enable 
(PE) input is HIGH, the positive edges of the programme clock (PC) signal step through the internal 
programme counter in a sequence of 8 states. Seven states define fetch periods, each indicated by a 
LOW signal at one of the corresponding data address outputs (ODg to ODg). These data address 
signals may be used to address the external programme source. The data fetched from the programme 
source is applied to inputs Ag to Ag and Bg to B3. When PC is LOW in a fetch period an internal load 
pulse is generated, the data is valid during this time and has to be stable. When PE is LOW, the 
programming cyclus is interrupted on the first positive edge of PC. On the next negative edge at input 
PC fetch period 6 is entered. Data may enter asynchronously in fetch period 6. 


Ten blocks in the U.D. need programme input signals (see Fig. 2). Four of these (COp,, C3, C4 and RSH) 
are concerned with the configuration of the U.D. and are programmed in fetch period 6. The remaining 
blocks (RSO to RS4 and C1) are programmed with number P, consisting of six internal digits ng to ng. 


= (ng - 10% +ng- 10° +ng- 10? +n2-10+n4)-M+ng 
These digits are formed by a substractor from two external numbers A and B and a borrow-in (bjp). 
P = A—B — bjp or if this result is negative; P= A — B — bj, + M - 10°. 


The numbers A and B, each consisting of six four bit digits nga to Ns, and ngg to ng5pg, are applied in 
fetch period 0 to 5 to the inputs Ao to A3 (data A) and Bo to B3 (data B) in binary coded negative 
logic. 


= (n5a - 10* +nga - 10° + nga - 10? +ng~q -10+nq~a) -M+nga. 
= (n5B - 107 + ngg - 10° +ngg- 10? +ngg - 10+n4g) -M+nog. 
Borrow-in (bj,) is applied via input SI in fetch period O (SI = HIGH: borrow, SI = LOW: no borrow). 


Counter C1 is automatically programmed with the most significant non-zero digit (nj) from the 
internal digits n5 to ng of number P. The counter chain C — 2 to C1 (see Fig. 3) is fully programmable 
by the use of pulse rate feedback. 


Rate feedback is generated by the rate selectors RS4 to RSO and RSH, which are programmed with 
digits nq to ng and np, respectively. In fetch period 6 the fractional counter C3, half channel counter 

C4 and COp are programmed and configured via data B inputs. Counter C3 is programmed in fetch 
period 6 via data A inputs in negative logic (except all HIGH is understood as: M = 16). The counter 

CO is a side steppable 10/11 counter composed of an internal part COp and an external part CO3. COph 

is configured via Bg and Bo to a division ratio of 1 or 2 or 5 or 10/11; CO, must have the complementary 
ratio 10/11 or 5/6 or 2/3 or 1 respectively. In the latter case COj, comprises the whole CO counter 

with internal feedback, CO, is then not required. 


The half channel counter C4 is enabled with Bo= HIGH and disabled with Bo= LOW. With C4 
enabled, a half channel offset can be programmed with input B, = HIGH, and no offset with By = LOW. 
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FEEDBACK To PRESCALERS (see also Figs 5 and 6) 

The counters C1, CO, C—1 and C—2are side-steppable counters, i.e. its division ratio may be increased by 
one, by applying a pulse to a control terminal for the duration of one division cycle. Counter C2 has 

10 states, which are accessible as timing signals for the rate selectors RS1 to RS4. A rate selector, 
Programmed with n (nq to ng in the U.D.) generates n of 10 basic timing periods an active signal. Since 
N SQ, 1 of 10 periods is always non-active. In this period RS1 transfers the output of rate selector RSO, 
which is timed by counter C3 and programmed with ng. Similarly, RSO transfers RSH output during 
one period of C3. Rate selector RSH is timed by C4 and programmed with np. In one of the two states 
of C4, if enabled, or always, if C4 is disabled, RSH transfers the LOW active signal at input RI to RSO. 
If RI is not used it must be connected to HIGH. The feedback output signals of RS1, RS2 and RS3 are 
externally available as active LOW signals at outputs OF By, OF Ba and OF B3. 


Output OFB; is intended for the prescaler at the highest frequency (if present), OFBz for the next 

(if present) and OFB3 for the lowest frequency prescaler (if present). A prescaler needs a feedback 
signal, which is timed on one of its own division cycles in a basic timing period. The timing signal at 
OSY is LOW during the last U.D. input period of a basic timing period and is suitable for timing of the 
feedback for the last external prescaler. The synchronization signal for a preceding prescaler is the OR- 
function of the sync. input and sync. output of the following prescaler (all sync. signals active LOW). 


UNIVERSAL DIVIDER 
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Fig. 5 Block diagram showing feedback to prescalers. 
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Universal divider 


LSI 
b.t.p.(n—1) basic timing period (n) b.t.p.(n+1) 
IN’ 
co —?—$—— +11 ——_—_ + | -_- +10 +10 
(1) r--t--- " rotenone an ram fessibics 
CO, ‘ +5 —be|-——- 5 § — +e | — 5 5 — + | = — $5. - +5 — 
' 1 ' ' 
IN, OUT’ | } H H 
at rt 
a Elneclaenk 
peg: Be g J 
7 a | I 
OSY Oo O O O 
O 
~ | | | 
S$ 
O 
“ | | | | 
sy” 
| 7 
OFB, 
= 
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6=3 (1) 
+10 +10 
= 
7284468 


(1) scaling factor 


Fig. 6 Timing diagram showing signals occurring in Fig. 5. 
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CASCADING OF U.D.s (see aiso Fig. 8) 


A.D. is programmed into the ‘slave’ mode by the programme input data: nq = 11, n2p = 10, 

3A = 04, = 3B = 4B = N5B = O. A U.D. operating in the slave mode performs the function of two 
extra programmable stages C2’ and C3’ to a ‘master’ (not slave) mode operating U.D. More slave U.D.s 
May be used, every slave adding two lower significant digits to the system. 


Output OFB3 is converted to the borrow output of the programme data subtractor, which is valid after 
fetch period 5. Input S! is the borrow input (both in master and in slave mode), which has to be valid 
in fetch period 0. Input SI has to be connected to output OF B3 of a following slave, if not present, to 
LOW. For proper transfer of the borrow from a lower to a higher significant U.D. subtractor, the U.D.s 
have to be programmed sequentially in order of significance or synchronously if the programme is 
repeated at least the number of U.D.s in the system. 


Rate input RI and output OFS must be connected to rate output OF By and the input IN of the next 
slave U.D. The combination thus formed retains the full programmability and features of one U.D. 


OUTPUT (see also Fig. 7) 


The normal output of the U.D. is the slow output OFS, which consists of evenly spaced LOW pulses. 
This output is intended for accurate phase comparison. If a better frequency acquisition time is 
required, the fast output OFF can be used. The output frequency on OFF is a factor M -H higher than 
the frequency on OFS. However, phase jitter of maximum +1 system input period occurs at OFF, 
since the division ratio of the counters preceding OFF are varied by slow feedback pulse trains fromm 
rate selectors following OFF. 


ves ie a UWL 
a See (M+H) pulses ————————_—______» 7284465 


Fig. 7 Timing diagram showing output pulses. 
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D.C. CHARACTERISTICS Vg = 0 V 


Output (sink) 


current LOW 


Output (source) 
current HIGH 


A.C. CHARACTERISTICS 


Vsg = 0 V; Tamb = 25 OC; input transition times < 20 ns 


Propagation delay 
IN —> OSY 
HIGH to LOW 
Output transition 
times 
HIGH to LOW 


135 
45 


270 
90 


Cy = 50 pF 


LOW to HIGH C, = 50 pF 


Maximum input { 6=50% 
frequency; IN \ COp ratio > 1 

Maximum input { 6=50% 
frequency; IN | COp ratio = 1 


Maximum input 
frequency; PC 


aes Yop typical formula for P (uW) 


Dynamic power 
dissipation per 
package (P) 


where 

fj, = input freq. (MHz) 

fo = output freq. (MHz) 
C,_ = load capacitance (pF) 
Z(foC_) = sum of outputs 
Vpp = supply voltage (V) 


1200 fj + Z(fgCL) x Vpp? 
5.400 f, + E(fgC) x Vpp? 
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MAB84X1 
MAF84X1 
MAF84AX1 
FAMILY 


FOR DETAILED INFORMATION SEE RELEVANT DATABOOK OR DATASHEET. 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 

The MAB84X1 family of microcontrollers is fabricated in NMOS. The family consists of 5 devices: 

© MAB8401 — 128 bytes RAM, externa! program memory, with 8-bit LED-driver (10mA), 
emulation of MAB/F8422/42°* possible 

e@ MAB/MAF8411 — 1K byte ROM/64 bytes RAM plus 8-bit LED-driver 

© MAB/MAF8421 — 2K bytes ROM/64 bytes RAM plus 8-bit LED-driver 

© MAB/MAF8441 — 4K bytes ROM/128 bytes RAM pius 8-bit LED-driver 

© MAB/MAF8461 — 6K bytes ROM/128 bytes RAM plus 8-bit LED-driver 


Each version has 20 quasi-bidirectiona! !/O port lines, one serial I/O line, one single-level vectored 
interrupt, an 8-bit timer/event counter and on-board clock oscillator and clock circuits. Two 20-pin 
versions, MAB/F8422 and MAB/F8442” are also available. 


This microcontroller family is designed to be an efficient controller as well as an arithmetic processor. 
The instruction set is based on that of the MAB8048. The microcontrollers have extensive bit handling 
abilities and facilities for both binary and BCD arithmetic. 


For detailed information see the “8-bit Single-chip Microcontrollers user manual’’. 


* See data sheet on MAB/F8422/42. 


Features 


®@ 8-bit: CPU, ROM, RAM and 1/O ina single 28-lead DIL package 
@ 1K, 2K, 4K or 6K ROM bytes plus a ROM-less version 
© 64 or 128 RAM bytes 
@ 20 quasi-bidirectional |/O port lines 
®@ Two testable inputs: one of which can be used to detect zero cross-over, the other is also the 
external interrupt input 
Single level vectored interrupts: external, timer/event counter, serial 1/O 
Serial 1/O that can be used in single or multi-master systems (serial 1/O data via an existing port line 
and clock via a dedicated line) 
8-bit programmable timer/event counter 
Internal oscillator, generated with inductor, crystal, ceramic resonator or external source 
Over 80 instructions (based on MAB8048) all of 1 or 2 cycles 
Single 5 V power supply (+ 10%) 
Operating temperature ranges: Oto+ 70°C MAB84X1 family 
—40to+ 85°C MAF84X1 family only 
—40 to + 110 °C MAF84AX1 family only 


PACKAGE OUTLINES 

MAB8401B: 28-lead ‘Piggy-back’ package (with up to 28-pin EPROM on top). 
MAB8401WP: 68-lead plastic leaded chip-carrier (PLCC) (SOT 188). 
MAB/MAF8411/21/41/61P: 28-lead DIL; plastic (SOT117). 
MAF84A11/21/41/61P: 28-lead DIL; plastic (SOT 117). 
MAB8411/21/41/61T: 28-lead mini-pack; plastic (S028; SOT 163A). 
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Fig. 4a Block diagram of the MAB84X1 family. 
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Fig. 4b Replacement for dotted part in Fig. 4a Fig. 4c Replacement of dotted part in Fig. 4a 
for the MAB8401WP bond-out version. for the MAB8401B ‘Piggy-back’ version. 
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MAB8422/42 
MAF8422/42 


FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 


The MAB8422/8442 is a high-performance microcontroller incorporating dedicated hardware, memory 
capacity and I/O lines. This dedication means a microcontroller can be economically installed in 
high-volume products where its main function is control. 


The MAB8422/8442 is a 20 pin, single-chip 8-bit microcontroller that has been developed from the 
28 pin MAB8421/8441 microcontrollers. The versions are: 


@® MAB8422 - 2K x 8 ROM/64 bytes RAM 
© MAB8442 - 4K x 8 ROM/128 bytes RAM 


Each version has 15 !/O port lines comprising one 8-bit parallel port (PO), one 2-bit parallel port (P1.0 
and P1.1 that are shared with the serial 1/O lines SDA and SCL), one 3-bit parallel port (P2.0 - P2.2) and 
two input lines (INT/TO and T1). 


The serial 1/O interface is 1*C compatible and therefore the MAB8422/8442 can operate as a slave or 
a master in single and multi-master systems. Conversion from parallel to serial data when transmitting, 
and vice versa when receiving, is done mainly in software. There is a minimum of hardware for the 
serial 1/O implemented. This hardware is controlled by the status of the SDA and SCL lines and can 
be read or written under software control. Standard software for |7C-bus control is available upon 
request. For detailed information see the user manual ‘Single-chip 8-bit microcontrollers’. 


Features 


8-bit: CPU, ROM, RAM and |/O 
20 pin package 
MAB8422: 2K x 8 ROM/64 bytes RAM 
MAB8442: 4K x 8 ROM/128 bytes RAM 
13 quasi-bidirectional 1/O port lines 
Two testable inputs T1 and INT/TO 
High current output on PO (Io, = 10 mA at VoL = 1 V) 
One interrupt line combined with the testable input line INT/TO 
Single-level interrupts: external, timer/event counter, serial 1/O 
!?C-compatible serial 1/O that can be used in single or multi-master systems (serial 1/O data and clock 
via P1,.0 and P1.1 port lines, respectively) 
8-bit programmable timer/event counter 
Internal oscillator, generated with inductor, crystal, ceramic resonator or external source 
Over 80 instructions (based on MAB8048) 
All instructions 1 or 2 cycles, cycle time dependent on oscillator frequency 
Single power supply 
Operating temperature ranges: O0to+70°C (MAB84X2) 
—40 to +85 °C (MAF84X2) 
—40 to +110 °C (MAF84AX2) 


PACKAGE OUTLINES 
MAB/MAF84X2, MAF84AX2: 20-lead DIL; plastic (SOT 146). 
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PLOKSDA [ spent een recente Sree -t 
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PORT 1 PORT2 
LATCH LATCH 
PLO—Pit 


CONTROL & TIMING 
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REGISTER 6 
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Fig. 1 Block diagram of the MAB8422/8442. 
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DESCRIPTION 


The MC3410 series are 10-bit Multiply- 
ing Digital-to-Analog Converters. They 
are capable of high-speed performance, 
and are used as general-purpose bulid- 
ing blocks in cost-effective D/A sys- 
tems. 


The Signetics' design provides complete 
10-bit accuracy without laser trimming, 
and guaranteed monotonicity over tem- 
perature. Segmented current sources, in 
conjunction with an R-2R DAC provides 
the binary weighted currents. The output 
buffer amplifier and voltage reference 
have been omitted to allow greater 
speed, lower cost, and maximum user 
flexibility. 
FEATURES 
e 10-bit resolution and accuracy 
(+ 0.05%) 
® Guaranteed monotonicity over 
temperature 
® Fast settling time — 250ns typical 


BLOCK DIAGRAM 


MC3410, MC3540, 


MC3410C 


10-Bit High-Speed Multiplying 


D/A Converter 


Product Specification 


© Digital inputs are TTL and CMOS 
compatible 

2 Wide output voitage compliance 
range 

» High-speed multiplying input slew 
rate — 20mA/yus 


* Reference amplifier internally- 
compensated 


© Standard supply voitages +5V 
and -15V 


APPLICATIONS 


© Successive approximation A/D 
converters 


@ High-speed, automatic test 
equipment 

© High-speed modems 

« Waveform generators 

¢ CRT displays 

e Strip CHART and X-Y plotters 

e Programmable power supplies 


e Programmable gain and 
attenuation 
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PIN CONFIGURATION 


F Package 


TOP VIEW 


TOP VIEW 


Ee a ee ee 


10-Bit High-Speed Multiplying MC3410, MC3540, MC3410C 
D/A Converter 


ORDERING INFORMATION 


t DESCRIPTION | TEMPERATURE RANGE | ORDER CODE | 
|_16-Fin Cerdip } 0% 470°C Tacsator | 
{_16-Pin Cerdip { 0 to + 70°C Mt 

16-Pin Cerdip =55°C to + 125°C |  MC3510F 


tween be = Ee GR Ae ee ee 
| SYMBOL | PARAMETER | 
Shao! ERR ocak ch St He Va 
| Vee | Power supply N 

Ve | 
iv, | Digits! snout voltage 


——SS 
| Vo | Applied output voltage 
| laseye | Reterence current 

Vacr | Reterence amplifier inputs 


| Vreeioy | Reterenco ampiifier differential inputs 


| Operating ambient temperature range =| | 


MC3510 2 *c 
| | Mcaato. 22106 Oto +70 c.. | 
hes } Junction lamperature, ceramic 
ame | Package +150 fee EC a 
1 a a I a a —" 
i Pp | Maximem power dissipation | 
| | Ta = 25°C (stit-ar)’ | 
| Fpackage 1190 mw | 
NOTE: 


1, Darate above 25°C. at the toliowng rates 
F package at @Smiw/"C 
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Product Specification 


10-Bit High-Speed Multiplying 
6/A Converter MC3410, MC3510, MC3410C 


DC AND AC ELECTRICAL CHARACTERISTICS Voc = +50Vpc. Vee = - 1500. ieee =2.0mA, all digital inputs at high 
logic level. 


MC3510: Ta =-55°C to + 125°C, MC3410 Series: Ta = 0°C to + 70°C, 
unless otherwise noted. 


ia [mcasio, measio | mcasioc | 
UNIT 


SYMBOL PARAMETER TEST CONDITIONS 
“min | typ | max | ain | 
+ 0.05 


Relative accuracy 


E, 
: (error relative to full-scale to) 


TCE Relative accuracy drift 
r (relative to full-scale Io) 


Monotonicity | Over temperature 10 Re fe 


Settling time to within + Y2 LSB . 
's (all bits LOW-to-HIGH) pemetancec | <0 


, : 
Wc | Perasaton cay tne penocesee wou 628 Se eRe oe er | 


TClo Output full scale current drift | | a eo | =] 70 | ppm/°c 


Digital input logic levels (ail bits) 
Vin HiGH-level, Logic "1" 20 Voc 
| LOW-level, Logic "0" ‘i 


Oigital input current (all bits) 


i) HIGH-level, Vy; = 5.5V 
[ta LOW-level, Vi, = 0.8V 


| = 
ton Output current (ail bits high) Ma Soe , 38 |3.996) 4.2 | 28 [asse| «2 | ma | 


ie : Output current (all bits low) Ta = 25°C | o f2o{ [oo f[4o[ wa | 


jo ; - 
Vo Output voltage compliance Ta = 25°C | re ee Voc 


Reference amplifier settling time 0 to 4.0mA, = 0.1% | 201" | Eo i | 


Go| Output capacitance tS ee ee ek ee | 
Digital input capacitance 
a (ail bits high) Bee eo Se 
lec Power supply current +18 +18 
lee (all bits low) -20 -20 
Vec See +4.75| +5.0 |+5.25|+4.75| +5.0 |+5.25 
Vee Power supply voitage range Tam 25°C -14.25| -15 |~15.75|-14.25| -15 |-15.75| Voc 
Power consumption 
(all bits low) 
(all bits high) 
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Product Specification 


10-Bit High-Speed Multiplying MC3410, MC3510, MC3410C 
D/A Converter 


i 
: 
3 


-40 
“101 3 -7$-S0-25 0 25 SO 7S 100 125 
COMPLIANCE VOLTAGE (VOLTS) Tare) 
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Figure 2. Maximum Output Compliance 
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Figure 3. Power Supply Current vs Temperature Reference Amplifier Frequency Response 
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10-Bit High-Speed Multiplying 


D/A Converter 


MC3410, MC3510, MC3410C 


CIRCUIT DESCRIPTION 

The MC3410 consists of four segment cur- 
rent sources which generate the two most 
significant bits (MSBs), and an R-2R DAC 
implemented with ion-implanted resistors for 
scaling the remaining eight least significant 
bits (LSBs) (See Figure 5). This approach 
provides complete 10-bit accuracy without 
trimming. 


The individual bit currents are switched ON or 
OFF by tuily differential current switches. The 
switches use current steering for speed. 


An on-chip high-slew reference current ampli- 
fier drives the R-2R ladder and segment 
decoder. The currents are scaled in such a 
way that, with ail bits on, the maximum output 
current is two times 1023/1024 of the refer- 
ence amplifier current, or nominally 3.996mA 
for a 2.000mA reference input current. The 
reference amplifier allows the user to provide 
a voltage input. Out-board resistor Ry¢ (see 
Figure 6) converts this voltage to a usable 
current. A current mirror doubles this refer- 
ence current and feeds it to the segment 


SEGMENT 
DECODER 
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decoder and resistor ladder. Thus, for a 
reference voltage of 2.0V and a 1k? resistor 
tied to Pin 16, the full-scale current is approxi- 
mately 4.0mA. This relationship will remain 
regardless of the reference voltage polarity. 


Connections for a positive reference voltage 
are shown in Figure 6a. For negative refer- 
ence voltage inputs, or for bipolar reference 
voltage inputs in the multiplying moda, Ry5 
can be tied to a negative voltage correspond- 
ing to the minimum input level. For a negative 
reference input, Rig should be grounded 
(Figure 6b). In addition, the negative voltage 
reference must be at least 3V above the Vee 
supply voltage for best operation. Bipolar 
input signals may be handled by connecting 
Ris to a positive voltage equal to the peak 
positive input level at Pin 15. 


When a OC reference voltage is used, capaci- 
tive bypass to ground is recommended. The 
5V logic supply is not recommended as a 
reference voltage. If a well regulated 5.0V 
supply, which drives logic, is to be used as 
the reference, Rye should be decoupled by 


connecting it to the +5.0V logic supply 
through another resistor and bypassing the 
junction of the two resistors with a 0.1yF 
capacitor to ground. 


The reference amplifier is internally-compen- 
sated with a 10pF feed-forward capacitor, 
which gives it its high slew rate and fast 
settling time. Proper phase margin is main- 
tained with all possible values of Ryg and 
reference voltages which supply 2.0mA refer- 
ence current into Pin 16. The reference 
current can also be supplied by a high imped- 
ance current source of 2.0mA. As Rig in- 
creases, the bandwidth of the amplifier de- 
creases slightly and settling time increases. 
For a current source with a dynamic output 
impedance of 1.0MQ, the bandwidth of the 
reference amplifier is approximately half what 
it is in the case of Ryg = 1.0kQ, and settling 
time is = 10s. The reference amplifier phase 
margin decreases as the current source value 
decreases in the case of a current source 
reference, so that the minimum reference 
current supplied from a current source is 
0.5mA for stability. 


Vaus 
(INTERNAL) 


CODE SELECTED 0111110011 


Vee) 
Figure 5. MC3410 Equivalent Circuit 
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10-Bit High-Speed Multiplying 


D/A Converter 


MC3410, MC3510, MC3410C 


Dy THROUGH | © 
Dre |g 


Vee 


OUTPUT VOLTAGE 
COMPLIANCE 

The output voltage compliance ranges from 
-2.5 to +0.2V. As shown in Figure 2, this 
compliance range is nearly constant over 
temperature. At the temperature extremes, 
however, the compliance voltage may be 
reduced if Veg >-15V. 


ACCURACY 
Absolute accuracy is a measure of each 
output current level with respect to its intend- 
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a. Positive Reference Voltage 


b. Negative Reference Voltage 
Figure 6. Basic Connections 


Rigs Rr= Ris = Race 
Rr<c Ry 
lo FS #2 in = Vagr/Race 


rare 


Ris + Pre Rig 
Bre < Ras 
Vers > Vee +3V 


Teens 


éd value. it is dependent upon relative accu- 
facy and full-scale current drift. Relative accu- 
facy, or hneanty, is the measure of each 
Output current with respect to its intended 
fracton of the full-scale current. The relative 
accuracy of the MC3410 is fairly constant 
Over temperature due to the excellent tem- 
perature tracking, of the implanted resistors. 
The full-scale current from the reference 
amplifier may drift with temperature causing a 
change in the absolute accuracy. However, 
the MC3410 has a low full-scale current drift 
with temperature. 


The MC3510 and the MC3410 are accurate 
to within +0.05% at 25°C with a reference 
current of 2.0mA on Pin 16. 


MONOTONICITY 

The MC3410, MC3510 and MC3410C are 
guaranteed monotonic over temperature. 
This means that for every increase in the 
input digital code, the output current either 
remains the same or increases but never 
decreases. In the multiplying mode, where 
reference input current will vary, monotonicity 
can be assured if the reference input current 
remains above 0.5mA. 


SETTLING TIME 

The worst-case switching condition occurs 
when all bits are switched ''on,"" which corre- 
sponds to a low-to-high transition for all bits. 
This time is typically 250ns for the output to 
settle to within + Y2 LSB for 10-bit accuracy, 
and 200ns for 8-bit accuracy. The turn-off 
time is typically 120ns. These times apply 
when the output swing is limited to a small 
(<0.7V) swing and the external output ca- 
pacitance is under 25pF. 


The major carry (MSB off-to-on, all others on- 
to-off) settles in approximately the same time 
as when all bits are switched off-to-on 


If a load resistor of 62522 is connected to 
ground, allowing the output to swing to -2.5V, 
the settling time increases to 1.5yus 


Extra care must be taken in board layout as 
this is usually the dominant factor in satisfac- 
tory test results when measuring settling time 
Short leads, 100uF supply bypassing, and 
minimum scope lead length are all necessary. 


A typical test setup for measuring settling 
time is shown in Figure 7. The same setup for 
the most part can be used to measure the 
slew rate of the reference amplifier (Figure 9) 
by tying all data bits high, pulsing the voltage 
reference input between 0 and 2V, and using 
a 5002 load rosistor Ri. 


Product Specification 


10-Bit High-Speed Multiplying 


D/A Converter MC3410, MC3510, MC3410C 


| RISE AND FALL TIMES < 10ns 
2av 
Y 14v 


oav 


ty — 250ns TYPICAL 
TO =1721SB8 
USE Ry TO GND FOR TURN.OFF MEASUREMENT 
FOR SETTLING TIME 
MEASUREMENT. 
(ALL BIT SWITCHED 
LOW TO HIGH) 


RISE AND FALL TIMES s 10ns 


un tone 


FOR PROPAGATION 
DELAY TIME 


reas 


Figure 8. Propagation 
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10-Bit High-Speed Multiplying MC3410, MC3510, MC3410C 
D/A Converter 


ty = a8 TYPICAL 
TO 201% 


USE R, = 2002 TO GNO FOR 
SLEW RATE MEASUREMENT 


=— 


Figure 9. Reference Amplifier Settling Time and Slew Rate 


TYPICAL APPLICATIONS 


© OUTPUT 


ae el 


[Or~ Or | | Os ~ Dro} 


wre 


THE VAUD DATA WILL BE LATCHED TO THE DAC UNTIL UPDATED WITH Ez PULSE. 
TIMING WILL DEPEND ON THE PROCESSOR USED. 


Figure 10. interfacing 10-Bit DAC With 8-Bit Microprocessor 
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DESCRIPTION 


The NE542 is a dual preamplifier for the 
amplification of low level signals in appli- 
cations requiring optimum noise perfor- 
mance. Each of the two amplifiers is 
completely independent, with individual 
internal power supply decoupler-regula- 
tor, providing 110dB supply rejection 
and 70dB channel separation. Other 
outstanding features include high gain 
(104dB), large output voltage swing 
(Vec-2Vp.p), and internal compensation 
to 10dB. The NE542 operates from a 
single supply across a range of 9 to 24V. 


The NE542 is ideal for use in stereo 
phono, tape, or microphone preamps 
and other applications requiring low 
noise amplification of small signals. 


ORDERING INFORMATION 


NE542 


Dual Low-Noise Preamplifier 


Product Specification 


FEATURES 

® Low nolse — 0.7yV total input 
noise 

© High gain — 104dB open-loop 

® Single supply operation 

* Wide supply range 9 to 24V 

© Power supply rejection 110dB 

e Large output voltage swing 
(Voc-2Vp.p) 

© Wide bandwidth 15MHz unity 
gain 

© Power bandwidth 100kHz (15Vp.p) 

© Internally-compensated (stable at 
10dB) 

® Short-circuit protected 

e High slew rate 5V/ys 


DESCRIPTION 


TEMPERATURE RANGE 


ORDER CODE 


8-Pin Plastic DIP 


EQUIVALENT CIRCUIT 
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0 to +70°C 
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PIN CONFIGURATION 
N Package 


APPLICATIONS 

e Tape preamplifier 

@ Phono preamplifier 

@ Microphone preamplifier 


a 


Tories 


Product Specification 


Dual Low-Noise Preamplifier NES42 


ABSOLUTE MAXIMUM RATINGS 


Operating ambient temperature range 0 to +70 


Lead soldering temperature 
TSOD | (10sec mas) = 


DC ELECTRICAL CHARACTERISTICS 1, = 25°C: Voc = 14V, unless otherwise specified 


TEST CONDITIONS 


Voc = 9 to 18V, Rp = 


UNIT | 
|_Av | Voltage gain en 
a geze | 

mA j 
ia Output current | Sink Pa a mA i 
Output voltage swing } Voc -2.5| Voc -2 ies ial | 
ear os 
Slew rate V/us | 
| Pew | Power bandwon = | tC kHz i | 
Maximum input vottage : Linear operation, < 2.5% distortion Vauei 
[ve te f= 60, 120Hz 3 
f= 1kHz dB 
f= kHz los 


40dB gain, f = 1kHz 


Fis = 50k, 10 - 10,000Hz 
Rg = 20k, 10- 10,000Hz 
Ris = 10422, 10 - 10,000Hz 
Fig = 5k, 10- 10,000Hz 
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Product Specificotion 


Dual Low-Noise Preamplifier NE542 


TYPICAL PERFORMANCE CHARACTERISTICS 


Lorge-Signal Frequency Response Gain vs Temperature 


Vor = 344. Ayo ¥ 
< 1% OBTORTION _ 


PEAK TO PEAK OUTPUT VOLTAGE SWING — ¥ 


FREQUENCY —He 


Peak-to-Peak Output Voltage 
Swing vs Voc 


| ™ bie 1008. ™ a wom 
| 
| 
| 
t 
H 
| 
| 
| 
| 


OSTORTION — % 


=] 7 


uae 


® 8 0 6 7 cd 
SUPPLY VOLTAGE — V 


CHANNEL SEPARATION — oB 


PEAK TOPEAR OUTPUT VOLTAGE SWING — V 


© 100 “ On 1008 Bhd 
FREQUENCY — Hr 
oracoos 


| PSAR vs Frequency Veitage Gain vs Supply Voitage 


PSRA -- aD 


GAIN ~ 68 
PHASE IN DEG 
VOLTAGE GAIN — a. 


i S ,, 


10 100 hd 10k 100k 1M 10M ’ 10 100 tk {x Of 1M tom 


FREQUENCY — her FREQUENCY — riz 
ree. teed 
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Product Specification 


Dual Low-Noise Preamplifier NES42 


TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


||| NOTE: Rs © Sok 
Pid 


ill 4 


Vin — OVA He 
lin — DAN He 


PULSE OUTPUT —V 


9 
8 
7 
6 
5 
4 
3 
2 
1 
° 
-1 


2-19 0 10 2 3 40 SO 60 70 80 


TWE — ys 
Cnc 


Two-Pole Fast Turn-On NAB Tape Preamp RIAA Magnetic Phono Preamp 


NOTE: 
Aa resstor values ee tyocal ard m ones 


DESCRIPTION 


The NE570/571 is a versatile low cost 
dual gain control circuit in which either 
channel may be used as a dynamic 
range compressor or expandor. Each 
channel has a full-wave rectifier to de- 
tect the average value of the signal, a 
linerarized temperature-compensated 
variable gain cell, and an operational 
amplifier. 


The NE570/571 is well suited for use in 
cellular radio and radio communications 
systems, modems, telephone, and satel- 
lite broadcast/receive audio systems. 


CIRCUIT DESCRIPTION 

The NE570/571 compandor building 
blocks, as shown in the block diagram, 
are a full-wave rectifier, a variable gain 
cell, an operational amplifier and a bias 
system. The arrangement of these 
blocks in the IC result in a circuit which 
can perform well with few external com- 
ponents, yet can be adapted to many 
diverse applications. 


The full-wave rectifier rectifies the input 
current which flows from the rectifier 
input, to an internal summing node 
which is biased at Vaer. The rectified 
current is averaged on an external filter 
capacitor tied to the Crecr terminal, and 
the average value of the input current 
controls the gain of the variable gain 
ceil. The gain will thus be proportional to 
the average value of the input signal for 
capacitively-coupled voltage inputs as 
shown in the following equation. Note 
that for capacitively-coupled inputs there 
is no offset voltage capable of producing 
a gain error. The only error will come 
from the bias current of the rectifier 
(supplied internally) which is less than 
0.1pA. 


G Vin -Vrer lavg 
Ry 
or 
aa IVin !avg 
Ry 
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NE570/571/SA574 
Compandor 


Product Specification 


PIN CONFIGURATION 


D, F, N Packages’ 


FEATURES 


* Complete compressor and 
expandor in one IC 

© Temperature compensated 

© Greater than 110dB dynamic 
range 

© Operates down to 6Vpc 

© System levels adjustable with 
external components 

© Distortion may be trimmed out 


APPLICATIONS 
© Cellular radio 


® Telephone trunk compandor — 
570 


© Telephone subscriber 
compandor — 571 


© High level limiter 

e Low level expandor — noise gate 
e Dynamic noise reduction systems 
© Voltage-controlled amplifier 

@ Dynamic filters 


Rect Cop 1 [1 | [16] Rect Cap 2 


p14] 3G Canin 2 


[9] THO Tam 2 
TOP VIEW corms 


- Released in Larga SO Package Only 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE 
16-Pin Cerdip | 


16-Pin Plastic DIP 


CE 


BLOCK DIAGRAM 


THO TRIM © © INVERTER IN 


Onecr cap 


cori 


Product Specification 
SSS SS Oe 


Compandor NE570/574/SA574 


ABSOLUTE MAXIMUM RATINGS 


Operating ambient temperature range 
NE 0 to +70 
-40 to +85 


DC ELECTRICAL CHARACTERISTICS 1, = 25°C, Voc = 15V. Except where indicated, the 571 specifications are identical to 
those of the 570. 


NES70 NE/SaA571° 


SYMBOL PARAMETER TEST CONDITIONS UNIT 


| Min Typ Max Min Typ Max 
| 


a OD |v 


[sR | Output slew rate | 25 


Gain cell distortion? Untimmed | a aE 0.5 2.0 % 
Trimmed | | 0.05 0.1 


| Resistor tolerance +5 +15 


| Internal reference voltage ted 1.8 1.9 1.8 1.95 Vv 
Output DC shitt? | Untrimmed | 


aE 
Expandor output noise [No sional, 1H8 2oxi2| | 20 wr co | pv | 


Gain change* * -40°C <T< 70°C +04 dB 
OC <T<70°C +0.1 +0.4 


Reference dritt* ~40°C << T< 70°C ve os ew a eee 25 ‘- be mv 
relative to value at 
a a ce 
4. Relative to value at T, = 25°C. 


| 
orc <T< 70°C | ew 
unity gain) equals 
ba 5 ey ee 
5. Electrical characteristics for the SA571 only are specified over -40 to +85°C temperature range. 


Resistor dritt* -40°C <T< 70°C +8, -0 % 
O°C<T< 70°C +1-0 
-V a! i 
[Yo-Vo (unity gain)} 
2. Measured et OdBm, tkHz. 


Tracking error (measured 
6B - V2d8m +0.2 |-05, +1 
3. Expandor AC input change from no signal to Od8m. 
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The speed with which gain changes to foliow 
changes in input signal levels is determined 
by the rectifier filter capacitor. A small capaci- 
tor will yield rapid response but will not fully 
filter low frequency signals. Any ripple on the 
gain control signal will modulate the signal 
Passing through the variable gain cell. In an 
expandor or compressor application, this 
would lead to third harmonic distortion, so 
there is a trade-off to be made between fast 
attack and decay times and distortion. For 
step changes in amplitude, the change in gain 
with time is shown by this equation. 


G(t) = (Gininat — Gtinai) 0-1/7 
+ Grail, 7 = 10K X Crecr 


The variable gain ceil is a current-in, current- 
out device with the ratio loyt/liy controlled by 
the rectifier. ly is the current which flows 
from the AG input to an internal summing 
node biased at Vrer. The following equation 
applies for capacitively-coupled inputs. The 
output current, lout. is fed to the summing 
node of the op amp. 


_Yin=Vner Vin 


I 
IN Ro Ro 


A compensation scheme built into the AG cell 
compensates for temperature and cancels 
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out odd harmonic distortion. The only distor- 
tion which remains is even harmonics, and 
they exist only because of internal offset 
voltages. The THD trim terminal provides a 
means for nulling the internal offsets for low 
distortion operation. 


The operational amplifier (which is internally 
compensated) has the non-inverting input 
tied to Vacr, and the inverting input connect- 
ed to the AG cel! output as well as brought 
out externally. A resistor, R3, is brought out 
from the summing node and allows compres- 
sor or expandor gain to be determined only by 
internal components. 


The output stage is capable of + 20mA output 
current. This allows a +13d8m (3.5Vanus) 
output into a 3002 load which, with a series 
resistor and proper transformer, can result in 
+13dBm with a 6002 output impedance. 


A bandgap reference provides the reference 
voltage for all summing nodes, a regulated 
supply voltage for the rectifier and AG cell, 
and a bias current for the AG cell. The low 
tempco of this type of reference provides very 
stable biasing over a wide temperature range. 


The typical performance characteristics illus- 
tration shows the basic input-output transfer 
curve for basic compressor or expandor cir- 
cuits. 


TYPICAL TEST CIRCUIT 
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TYPICAL PERFORMANCE 
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Basic Input-Output Transfer Curve 
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INTRODUCTION 

Much interest has been expressed in high 
Performance electronic gain control circuits. 
For non-critical applications, an integrated 
Circuit operational transconductance amplifier 
can be used, but when high-performance is 
required, one has to resort to complex dis- 
crete circuitry with many expensive, well- 
matched components. This paper describes 
an inexpensive integrated circuit, the NE570 
Compandor, which offers a pair of high per- 
formance gain contro! circuits featuring low 
distortion ( < 0.1%), high signal-to-noise ratio 
(90dB), and wide dynamic range (110d8). 


CIRCUIT BACKGROUND 

The NE570 Compandor was onginally de- 

signed to satisfy the requirements of the 

telephone system. When several telephone 

channels are multiplexed onto a common 

line, the resulting signal-to-noise ratio is poor 

and companding is used to allow a wider 

dynamic range to be passed through the 

channel. Figure 1 graphically shows what a 

compandor can do for the signal-to-noise 

ratio of a restricted dynamic range channel. 

The input level range of +20 to -80dB is 

shown undergoing a 2-to-1 compression 

where a 2d8 input level change is com- 

pressed into a 108 output level change by the 
compressor. The original 100dB of dynamic 
range is thus compressed to a 50dB range for 
transmission through a restricted dynamic 
range channel. A complementary expansion 
on the receiving end restores the original 
signal levels and reduces the channe! noise 
by as much as 45d8. 

The significant circuits in a compressor or 
expandor are the rectifier and the gain control 
element. The phone system requires a simple 
full-wave averaging rectifier with good accura- 
cy, since the rectifier accuracy determines the 
(input) output level tracking accuracy. The 
gain cell determines the distortion and noise 
characteristics, and the phone system specifi- 
cations here are very loose. These specs 
could have been met with a simple operation- 
al transconductance multiplier, or OTA, but 
the gain of an OTA is proportional to tempera- 
ture and this is very undesirable. Therefore, a 
designed which is insensitrve to temperature 
and offers low noise and low distortion perfor- 
mance. These features make the circuit use- 
ful in audio and data systems as well as in 
telecommunications systems. 


BASIC CIRCUIT HOOK-UP AND 
OPERATION 

Figure 2 shows the block diagram of one half 
of the chip, (there are two identical channels 
on the IC). The full-wave averaging rectifier 
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provides a gain control current, Ig, for the 
variable gain (AG) cell. The output of the AG 
cell is a current which is fed to the summing 
node of the operational amplifier. Resistors 
are provided to establish circuit gain and set 
the output DC bias. 


EE 


| 


EXPANSION 


reas 


errrnes 


Figure 1. Restricted Dynamic Range 
Channel 


| Figure 2. Chip Block Diagram 
(1 of 2 Channels) 


The circuit is intended for use in single power 
supply systems, so the internal summing 
nodes must be biased at some voltage above 
ground. An interna! band gap voltage refer- 
ence provides a very stable, low noise 1.8V 
reference denoted Vagr. The non-inverting 
input of the op amp is tied to Vaer, and the 
summing nodes of the rectifier and AG cell 
(located at the right of R; and Roa) have the 
same potential. The THD trim pin is also at 
the Veer potential 


Figure 3 shows how the circuit is hooked up 
to realize an expandor. The input signal, Vin, 
is applied to the inputs of both the rectifier 
and the AG cell. When the input signal drops 
by 6dB, the gain control current will drop by a 
factor of 2, and so the gain will drop 6dB. The 
output level at Voyr will thus drop 12d8, 
giving us the desired 2-to-1 expansion 


Figure 4 shows the hook-up for a compres- 
sor. This is essentially an expandor placed in 
the feedback loop of the op amp. The AG cell 
ts setup to provide AC feedback only, so a 
separate DC feedback loop is provided by the 
two Roc and Coc. The values of Roc will 
determine the DC bias al the output of the op 
amp. The output will bias to: 


Roc: + FR 
Vout DG <14 oe 


4 
R 
ra seer | 1.8V 


Vacr=|) 1 
fe ( 30k 


NOTES: 
2 Ry Vin (avg) 
Ry Re bp 
te 140p4 
Externa) components 


Figure 3. Basic Expandor 
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The output of the expandor will bias up to: 


Ra 
Vout OC = 1 + — Vrer 
Re 


Vv 1+ a 18V =3.0V 
REF 30k 


The output will bias to 3.0V when the internal 
resistors are used. External resistors may be 
placed in series with Riz, (which will affect the 
gain), or in parallel with Rg to raise the OC 
bias to any desired value. 


Ay Rot bg 
fe eee ee 
2 Fy Va (avg) 


Ig = 140pA 
“external components 


Figure 4, Basic Compressor 


Tonans 


Figure 5. Rectifier Concept 


CIRCUIT DETAILS — RECTIFIER 

Figure 5 shows the concept behind the full- 
wave averaging rectifier. The input current to 
the summing node of the op amp, VinR}, is 
supplied by the output of the op amp. If we 
can mirror the op amp output current into a 
unipolar current, we will have an ideal rectifi- 
er. The output current is averaged by Rs, CR, 
which set the averaging time constant, and 
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then mirrored with a gain of 2 to become ig, 
the gain control current. 


Figure 6 shows the rectifier circuit in more 
detail. The op amp is a one-stage op amp, 
biased so that only one output device is on at 
a time. The non-inverting input, (the base of 
Q,), which is shown grounded, is actually tied 
to the internal 1.8V Veer. The inverting input 
is tied to the op amp output, (the emitters of 
Qs and Q¢), and the input summing resistor 
Rj. The single diode between the bases of Os 
and Q¢ assures that only one device is on at 
a time. To detect the output current of the op 
amp, we simply use the collector currents of 
tho output devices Os and Og. Og will conduct 
when the input swings positive and Qs con- 
ducts when the input swings negative. The 
collector currents will be in error by the a of 
Qs or Qs on negative or positive signal 
swings, respectively. ICs such as this have 
typical NPN fs of 200 and PNP fis of 40. The 
a's of 0.995 and 0.975 will produce errors of 
0.5% on negative swings and 2.5% on posi- 
tive swings. The 1.5% average of these 
errors yields a mere 0.13dB gain error. 


At very low input signal levels the bias current 
of Qo, (typically 50nA), will become significant 
as it must be supplied by Qs. Another low 
level error can be caused by DC coupling into 
the rectifier If an offset voltage exists be- 
tween the Vix input pin and the base of Qo, 
an error current of Vos/R, will be generated. 
A mere imV of offset will cause an input 
current of 100nA which will produce twice the 
error of the input bias current. For highest 
accuracy, the rectifier should be coupled into 
capacitively. At high input levels the § of the 
PNP Qg will begin to suffer, and there will be 
an increasing error until the circuit saturates. 
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Figure 6. Simplified Rectifier Schematic 


Saturation can be avoided by limiting the 
current into the rectifier input to 250pA. If 
necessary, an external resistor may be 
placed in series with R; to limit the current to 
this value. Figure 7 shows the rectifier accura- 
cy vs input level at a frequency of 1kHz. 


ERROR GAIN 68 


Figure 7. Rectifier Accuracy 


At very high frequencies, the response of the 
rectifier will fall off. The roll-off will be more 
Pronounced at lower input levels due to the 
increasing amount of gain required to switch 
between Qs or Qg conducting. The rectifier 
frequency response for input levels of OdBm, 
-20dBm, and -40d8m is shown in Figure 8. 
The response at all three levels is flat to well 
above the audio range. 
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GAIN ERROR (68) 
“ ° 


ope 8. Rectifier Frequency 
lesponse vs Input Level 


VARIABLE GAIN CELL 

Figure 9 is a diagram of the variable gain cell. 
This is a linerarized two-quadrant tanscon- 
Guctance multiplier. Q;, Q2 and the op amp 
provide a predistorted drive signal for the gain 
convo! pair, Q3 and Q.. The gain is controlled 
by Ig and a current mirror provides the output 
current 


The op amp maintains the base and collector 
of Q, at ground potential (Vper) by controlling 
the base of Q2. The input current hy 
(= Vpy/Ra) is thus forced to flow through Q, 
along with the current I;, SO Ico; =I; + tw. 
Since iz has been set at twice the vaiue of |,, 
the current through Qo is: 


fa — (Iq + bin) = by — big = Ie. 


The op amp has thus forced a linear current 
swing between Q, and Q2 by providing the 
proper drive to the base of Q2. This drive 
signal will be linear for small signals, but very 
non-linear for large signals, since it is com- 
Pansating for the non-linearity of the differen- 
tial pair, Q; and Qo, under large signal condi- 
tions. 
The key to the circuit is that this same 
predistorted drive signal is applied to the gain 
control pair, Q3 and Q,. When two differential 
pairs of transistors have the same signal 
applied, their collector current ratios will be 
identical regardiess of the magnitude of the 
currents. This gives us: 

lor _ lee, 

Ica Iles 
plus the relationships Ig = Ic¢3 + lc, and 


lout = Ice - ica will yield the multiplier transfer 
function, 


1, + ly 
h-hn 
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Figure 9. Simplified AG Ceil Schematic 


Van lg 


's 
rt —Iy= 
our= | is Re hh 


This equation is linear and temperature-insen- 
Sitive, but & assumes ideal transistors. 


WNPUT LEVEL (28m) 


on 


Figure 10. AG Cell Distortion 
vs Offset Voltage 


Hf the transistors are not perfectly matched, a 
Parabolic, non-linearity is generated, which 
results in second harmonic distortion. Figure 
10 gives an indication of the magnitude of the 
distortion caused by a given input level and 
offset voltage. The distortion is linearly pro- 
Portional to the magnitude of the offset and 
the input jevel. Saturation of the gain cell 
occurs at a +8d8m level. At a nominal 
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operating level of Od8m, a imV offset will 
yield 0.34% of second harmonic distortion. 
Most circuits are somewhat better than this, 
which means our overall offsets are typically 
about YemV. The distortion is not affected by 
the magnitude of the gain contro! current, and 
it does not increase as the gain is changed 
This second harmonic distortion could be 
eliminated by making perfect transistors, but 
since that would be difficult, we have had to 
resort to other methods. A trim pin has been 
Provided to allow trimming of the interna) 
offsets to zero, which effectively eliminated 
second harmonic distortion. Figure 11 shows 
the simple trim network required 


Termes 


Figure 11. THD Trim Network 
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Figure 12 shows the noise performance of 
the AG cell. The maximurn output level be- 
fore clipping occurs in the gain cell is plotted 
along with the output noise in a 20kHz 
bandwidth, Note that the noise drops as the 
gain is reduced for the first 20dB of gain 
reduction. At high gains, the signal to noise 
ratio is 90dB, and the total dynamic range 
from maximum signal to minimum noise is 
1100B. 


Control signal feedthrough is generated in the 
gain cell by imperfect device matching and 
mismatches in the current sources, |; and Io. 
When no input signal is present, changing Ig 
will cause a small output signal. The distortion 
trim is effective in nulling out any control 
signal feedthrough, but in general, the null for 
minimum feedthrough will be different than 
the null in distortion. The control signal feed- 
through can be trimmed independently of 
distortion by tying a current source to the AG 
input pin. This effectively trims |,. Figure 13 
shows such a trim network. 


MAXIMUM 
SIGNAL LEVEL 


OUTPUT (98m) 
& 


} “ -» ° 
VCA GAIN (08) 


crores 


| Figure 12. Dynamic Range of NE570 
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Figure 13. Control Signal Feedthrough 
Trim 


OPERATIONAL AMPLIFIER 

The main op amp shown in the chip block 
diagram is equivalent to a 741 with a MHz 
bandwidth. Figure 14 shows the basic circuit. 
Split collectors are used in the input pair to 
reduce gy, so that a small compensation 
capacitor of just 10pF may be used. The 
output stage, although capable of output 
currents in excess of 20mA, is biased for a 
low quiescent current to conserve power. 
When driving heavy loads, this leads to a 
small amount of crossover distortion. 


RESISTORS 

Inspection of the gain equations in Figures 3 
and 4 will show that the basic compressor 
and expandor circuit gains may be set entirely 
by resistor ratios and the internal voltage 
reference. Thus, any form of resistors tnat 
match well would suffice for these simple 
hook-ups, and absolute accuracy and tem- 
perature coefficient would be of no impor- 
tance. However, as one starts to modify the 
gain equation with external resistors, the 
internal resistor accuracy and tempco be- 
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come very significant. Figure 15 shows the 
effects of temperature on the diffused resis- 
tors which are normally used in integrated 
circuits, and the ion-implanted resistors which 
are used in this circuit. Over the critical O°C to 
+70°C temperature range, there is a 10-to-1 
improvement in drift from a 5% change for 
the diffused resistors, to a 0.5% change for 
the implemented resistors. The implanted 
resistors have another advantage in that they 
can be made Ww the size of the diffused 
resistors due to the higher resistivity. This 
saves a significant amount of chip area. 


Tovao's 


Figure 14. Operational Amplifier 
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Figure 15. Resistance vs Temperature 
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DESCRIPTION FEATURES PIN CONFIGURATION 

The NE572 is a dual-channel, high-per- © Independent control of attack 

formance gain control circuit in which and recovery time D, N, F Packages’ 

either channel may be used for dynamic» Improved low frequency gain 

range compression or expansion. Each control ripple Trace Trad a [7 

channel has a full-wave rectifier tode- , Complementary gain compression necov cap a [7] [is] TRACK TRIM 6 
tect the average value of input signal, a and expansion with external op ia) recov car 8 
linearized, temperature-compensated amp necum a 
variable gain cell (AG) and a dynamic 

time constant buffer. The buffer permits * Wide dynamic range — greater Ales 
independent control of dynamic attack than 110dB a0 curs 
and recovery time with minimum exter- © Temperature-compensated gain THO Tro 8 
nal components and improved low fre- control cme 
quency gain control ripple distortion over @ Low distortion gain cell aoe EW 

previous compandors. @ Low noise — 6u:V typical coresnis 
The NE572 is intended for noise reduc- * Wide supply voltage range — 1.0 package released in large SO (SOL) package 
tion in high-performance audio systems. 6V-22V babi 

It can also be used in a wide range of System level adjustable with 

communication systems and video re- external components APPLICATIONS 

cording applications. © Dynamic noise reduction system 


e@ Voltage control amplifier 
e@ Stereo expandor 

© Automatic level control 
© High-level limiter 

@ Low-level noise gate 

© State variable filter 


ORDERING INFORMATION 


DESCRIPTION 
16-Pin Plastic SO 
16-Pin Plastic DIP 
16-Pin Plastic SO 
16-Pin Cerdip 


16-Pin Plastic DIP 


BLOCK DIAGRAM 
-— “ 

| 
| 


TEMPERATURE RANGE | ORDER CODE 


0 to +70°C NE572D 
0 to +70°C 
-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 


i 
r 
i 
I 


(8) (aya) Qw 
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ABSOLUTE MAXIMUM RATINGS 


Operating temperature range 


NES72 


DC ELECTRICAL CHARACTERISTICS Standard test conditions (unless otherwise noted) Voc = 15V, Ta = 25°C; Expandor 
mode (see Test Circuit). Input signals at unity gain level (0dB) = 100MVays at 1kKHz, 
Vy = V2; Ro = 3.3kQ; Ag = 17.9k2 


TEST CONDITIONS 


Internal ee 
reference 


Total harmonic distortion 
(untrimmed) 

Tota! harmonic distortion 
(trimmed) 

Gratis harmonic distortion 


tkHz Cx = 1.0uF 


kHz Ce = 10nF 


100Hz 


\ to V, and V. 
less oe eee ee 
DC level shift Input change from no signal to +20 
aa 1007Vaus 


gain) = 
Wo~Vo (unity gain)}d8 
-V2d8 
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TEST CIRCUIT 


22uF 


w2oH4 


3.3K(3,13) 


RECTIFIER 


AUDIO SIGNAL PROCESSING IC 
COMBINES VCA AND FAST 
ATTACK/SLOW RECOVERY 
LEVEL SENSOR 


In high-performance audio gain contro! appli- 
cations, it is desirable to independently con- 
trol the attack and recovery time of the gain 
control signal. This is true, for example, in 
compandor applications for noise reduction. 
In high end systems the input signal is usually 
Split into two or more frequency bands to 
optimize the dynamic behavior for each band. 
This reduces low frequency distortion due to 
control signal ripple, phase distortion, high 
frequency channel overload and noise modu- 
lation. Because of the expense in hardware, 
multiple band signal processing up to now 
was limited to professional audio applications. 


With the introduction of the Signetics NE572 
this high-performance noise reduction con- 
cept becomes feasible for consumer hi fi 
applications. The NE572 Is a dual channel 
gain control IC. Each channel has a linear- 
ized, temperature-compensated gain cell and 
an improved level sensor. In conjunction with 
an external low noise op amp for current-to- 
voltage conversion, the VCA features low 
distortion, low noise and wide dynamic range. 
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The novel level sensor which provides gain 
control current for the VCA gives lower gain 
control ripple and independent control of fast 
attack, slow recovery dynamic response. An 
attack capacitor Ca with an internal 10k 
resistor Ra defines the attack time ta. The 
recovery time tg of a tone burst is defined by 
a recovery capacitor Cp and an internal 10k 
resistor Ry. Typical attack time of 4ms for the 
high-frequency spectrum and 40ms for the 
low frequency band can be obtained with 
0.1uF and 1.0uF attack capacitors, respec- 
tively. Recovery time of 200ms can be ob- 
tained with a 4.7uF external capacitor. With 
the recovery capacitor added in the level 
sensor, the gain control ripple for low tre- 
quency signals is much lower than that of a 
simple RC ripple filter. As a result, the residu- 
al third harmonic distortion of low frequency 
signal in a two quad transconductance ampli- 
fier is greatly improved. With the 1.0uF attack 
capacitor and 4.7yF recovery capacitor for a 
100Hz signal, the third harmonic distortion is 
improved by more than 10dB over the simple 
RC ripple filter with a single 1.0uF attack and 
recovery capacitor, while the attack time 
remains the same. 


The NE572 is assembled in a standard 16-pin 
dual in-line plastic package and in oversized 
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~18v 


71Sv 


rovers 


SOL package. It operates over a wide supply 
range from 6V to 22V. Supply current is less 
than 6mA. The NE572 is designed for con- 
sumer application over a temperature range 
0-70°C. The SA572 is intended for applica- 
tions from -40°C to +85°C. 


NE572 BASIC APPLICATIONS 


Description 

The NE572 consists of two linearized, temp- 
erature-compensated gain cells (AG), each 
with a full-wave rectifier and a buffer amplifier 
as shown in the block diagram. The two 
channels share a 2.5V common bias refer- 
ence derived from the power supply but 
otherwise operate independently. Because of 
inherent low distortion, low noise and the 
capability to linearize large signals, a wide 
dynamic range can be obtained. The buffer 
amplifiers are provided to permit control of 
attack time and recovery time independent of 
each other. Partitioned as shown in the block 
diagram, the IC allows flexibility in the design 
of system levels that optimize OC shift, ripple 
distortion, tracking accuracy and noise floor 
for a wide range of application requirements. 
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Gain Cell 

Figure 1 shows the circuit configuration of the 
gain cell. Bases of the differential pairs 
Q;-Q2 and Q3-Q, are both tied to the 
Output and inputs of OPA A;. The negative 
feedback through Q, holds the Vege of 
Q; -Qp2 and the Vp¢ of Q3-Q, equal. The 
following relationship can be derived from the 
transistor model equation in the forward ac- 
tive region. 


VBE os - 02 * “BEo: 02 


(Vee = Vr ty IC/IS) 


his + fo hig- ho 
Vr ba\ is | -¥r be] 


I+), lo-1,-| 
=Vr Ase “Vr A Jo 
Is Is 
Vin 


where Ip, = — 

8 ly By 
Ry = 6.8k2 
I, = 140pA 
Ip = 280A 


Ig ts the differentia! output current of the gain 
cell and Ig is the gain contro! current of the 
gain cell. 

If all transistors Q, through Q, are of the 
same size, equation (2) can be simplified to: 


2 
lom= * hx 


1 
* Ie-—(l2-2h) * Is (3) 
2 '2 


The first term of Equation 3 shows the 
multiplier relationship of a lineanzed two 
quadrant transconductance amplifier. The 
second term is the gain contro! feedthrough 
due to the mismatch of devices. In the design, 
this has been minimized by large matched 
devices and careful layout. Offset voltage is 
caused by the device mismatch and it leads 
to even harmonic distortion. The offset volt- 
age can be trimmed out by feeding a current 
source within + 25yA into the THD trim pin. 
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Figure 1. Basic Gain Cell Schematic 


The residual distortion ts third harmonic dis- 
tortion and is caused by gain control nppie. in 
a compandor system, available control of fast 
attack and siow recovery improve nppie dis- 
tortion significantly. At the unity gain level of 
100mV, the gain cell gives THD (total har- 
monic distortion) of 0.17% typ. Output noise 
with no input signais is only 6yV in the audio 
spectrum (10Hz- 20kHz). The output current 
ip must feed the virtual ground input of an 
operational amplifier with a resistor from out- 
Put to inverting input. The non-inverting input 
of the operational! amplifier has to be biased 
at Vaee if the output current Io is DC coupled. 
Rectifier 

The rectifier is a full-wave design as shown in 
Figure 2. The input voltage is converted to 
current through the input resistor Ra and 
turns on either Os or OQ, depending on the 
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signal polarity. Deadband of the voltage to 
current converter is reduced by the loop gain 
of the gain block Az. if AC coupling is used, 
the rectifier error comes only from input bias 
current of gain block Az. The input bias 
current is typically about 70nA. Frequency 
response of the gain block Az also causes 
second-order error at high frequency. The 
collector current of Qg is mirrored and 
summed at the collector of Os to form the full 


wave rectified output current I. The rectifier 
transfer function is 


_ Vin > Vaer 
Ro 


In (4) 


If Vin, is AC-coupled, then the equation will be 
reduced to: 
Vin(AVG) 


Inac 
R2 
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Figure 2. Simplified Rectifier Schematic 


revere 


Figure 3. Buffer Amplifier Schematic 
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The interna! bias scheme limits the maximum 
output current Ip to be around 300pA. Within 
a +1dB error band the input range of the 
rectifier is about 52dB. 


Buffer Amplifier 

In audio systems, it is desirable to have fast 
attack time and slow recovery time for a tone 
burst input. The fast attack time reduces 
transient channel overload but also causes 
low-frequency ripple distortion. The low-fre- 
quency ripple distortion can be improved with 
the slow recovery time. If different attack 
times are implemented in corresponding fre- 
quency spectrums in a split band audio sys- 
tem, high quality performance can be 
achieved. The buffer amplifier is designed to 
make this feature available with minimum 
external components. Referring to Figure 3, 
the rectifier output current is mirrored into the 
input and output of the unipolar buffer amplifi- 
er Ag through Qg, Qg and Qyo. Diodes Dj; 
and D,2 improve tracking accuracy and pro- 
vide common-mode bias for Ag. For a posi- 
tive-going input signal, the buffer amplifier 
acts like a voltage-follower. Therefore, the 
output impedance of A3 makes the contribu- 
tion of capacitor CR to attack time insignifi- 
cant. Neglecting diode impedance, the gain 
Ga(t) for AG can be expressed as follows: 

-t 


Ga(t) = (Gait - Gagnt) e”* + Gaene 


Ganz = Initial Gain 


Gaent = Final Gain 
Ta=Ra * CA=10K* CA 


where Tz is the attack time constant and Ra 
is a 10k internal resistor. Diode Dys5 opens the 
feedback loop of A3 for a negative-going 
signal if the value of capacitor CR is larger 
than capacitor CA. The recovery time de- 
pends only on CR « Rr. If the diode imped- 
ance is assumed negligible, the dynamic gain 
Gr (t) for AG is expressed as follows. 
-t 


Galt) = (Gr wr-Gr end @ “ +Gr en 


TR =Rp_* CR=10k * CR 


where TR is the recovery time constant and 
Rp is a 10k internal resistor. The gain control 
current is mirrored to the gain cell through 
Qy4. The low level gain errors due to input 
bias current of Az and A3 can be trimmed 
through the tracking trim pin into Ag with a 
current source of +3pA. 
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Basic Expandor 

Figure 4 shows an appiicaton of the circuit as 
a simple expandor. The gain expression of 
the system is given by 


(5) 
(1; = 140yA) 


Both the resistors R, and R2 are tied to 
internal summing nodes. R; is & 6.8k internal 
resistor. The maximum input current into the 
gain cell can be as large as 140pA This 
corresponds to a voitage level of 140A - 
6.8k = 952mV peak. The input peak current 
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Figure 4. Basic Expandor Schematic 


into the rectfier is iimited to 300nA by the 
internal Dias system. Note that the value of 
R, can be increased to accommodate higher 
input level. R2 and R3 are external resistors. It 
ts easy to adjust the ratio of R3/Re2 for 
Geswabie system voltage and current levels. 
A small R2 results in higher gain control 
current and smailer static and dynamic track- 
ing error. However, an impedance butfer A; 
may be necessary if the input is voltage drive 
with large source impedance. 

The gain cell output current feeds the sum- 
mung node cf the external OPA Az. A; and Az 
Convert the gain cell output current to the 
output voltage. In high-performance applica- 
‘tons, Az has to be low-noise, high-speed and 
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wide band so that the high-performance out- 
put of the gain celi will not be degraded. The 
non-inverting input of Az can be biased at the 
low noise internal reference Pin 6 or 10. 
Resistor R, is used to bias up the output DC 
level of Az for maximum swing. The output 
DC level of Az is given by 
Rg 


7 7 1 Ra Vi; 6 
= + = = 
ooc = Vrer Ra 8 Re ) 


Vg can be tied to a regulated power supply for 
a dual supply system and be grounded for a 
single supply system. CA sets the attack time 
constant and CR sets the recovery time 
constant. 
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Basic Compressor 

Figure 5 shows the hook-up of the circuit as a 
compressor. The IC is put in the feedback 
loop of the OPA A;. The system gain expres- 
sion is as follows: 


Vout (:- Re « Ry |» - 


2 Ra * Vintave) 


Roc1, Roce. and CDC form a DC feedback for 
Ay. The output DC level of A; is given by 


The zener diodes D, and D2 are used for 
channel overload protection. 


Basic Compandor System 

The above basic compressor and expandor 
can be applied to systems such as tape/disc 
noise reduction, digital audio, bucket brigade 
delay lines. Additional system design tech- 
niques such as bandlimiting, band splitting, 
pre-emphasis, de-emphasis and equalization 
are easy to incorporate. The IC is a versatile 
functional block to achieve a high perfor- 
mance audio system. Figure 6 shows the 
system level diagram for reference. 
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Tove 


Figure 5. Basic Compressor Schematic 
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Figure 6. NES72 System Level 
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DESCRIPTION 

The NES75 is a dual gain-control circuit 
designed for low voltage applications. 
The NE575's channel 1 is an expandor, 
while channel 2 can be configured either 
for expandor, compressor, or automatic 
level controller (ALC) application. 


ORDERING INFORMATION 
| DESCRIPTION 


Pcie 


TEMPERATURE RANGE 


NES75 
Low Voltage Compandor 


Preliminary Specification 


PIN CONFIGURATION 
NE575 D, N Packages 


FEATURES 


* Operating voltage range from 3 
to 7V 


© Reference voltage of 
100mMVams = OdB 


© One dedicated summing op amp 
per channel and two extra 
uncommitted op amps 


® 60022 drive capability 

© Single or split supply operation 

© Wide input/output swing 
capability. 

APPLICATIONS 

© Portable communications 

© Cellular radio 

® Cordless telephone 

@ Consumer audio 

@ Portable broadcast mixers 

e Wireless microphones 

e Modems 

e Electric organs 


ORDER CODE 


NES575N 


0 to +70°C 


| 20-Pin Plastic DIP 
20-Pin Plastic SO 


ABSOLUTE MAXIMUM RATINGS 


NE575D 


0 to +70°C 


SYMBOL | PARAMETER RATING [unit | 
[ Ta Operating temperature range -40 to +85 
TstG Storage temperature range -65 to +150 


December 1988 
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DC ELECTRICAL CHARACTERISTICS T, = 25°C. 0d8 = 100mV, expander mode, Voc = 5V, Figure 1, unless otherwise 


specified. 
PARAMETER TEST CONDITIONS 


compandor, Including summing amplifier 


1kHz, OdB, BW = 3.5kHz 
BW = 20kHz, Rs = 02 


SY 
so a 

a 
[une | Comoninese ecionai | 
ee 
a 
Oneroop so | A to [eo fe] | «| 
unity gain 
BW = 20kHz 
ikHz, 250mV 


NOTE: 
1, The IC remains functional Gown to 2V. 
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NOTE: 
Lett channel in expander mode, nght channel in compressor mode. 
For additional information, call the factory. 


Figure 1. Typical Application 
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DESCRIPTION 


The NE5240 is a two channel decoder 
for the Dolby Digital Audio System. *The 
IC includes input latches to separate two 
channels of audio and control data, a 
precision internal voltage reference, and 
digital/analog signal processing circuitry 
for each channel. The IC design is imple- 
mented in a bipolar process to achieve 
low noise, low distortion, and wide dy- 
namic range. 


NOTE: 

“Available only to licensees of Dolby Laboratories 
Licensing Corporation, San Francisco, from whom 
licensing and applications information must be ob- 
tained. Dolby is a registered trademark of Dolby 
Laboratories Licensing Corporation, San Francisco, 
California. 


ORDERING INFORMATION 
[ DESCRIPTION | 


| 28-Pin SO 


+ 


| 28-Pin Plastic DIP 


nes 


0 to +70°C 
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Dolby Digital Audio Decoder 
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FEATURES 
© Wide dynamic range — 85dB 


¢ Low distortion 0.05% @ 1kHz, 
-10dB 


® TTL and CMOS compatible logic 
inputs 


* Audio bandwidth — 30Hz to 
15kHz 


APPLICATIONS 


© High quality digital transmission 
of audio data 


© Satellite reception 
© Cable TV 
e Microwave distribution systems 


TEMPERATURE RANGE ORDER CODE 
0 to +70°C NE52400 


+ 
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PIN CONFIGURATION 


N, D Packages 


MULT OUT* 28) MULT OUT** 


ANALOG 5 
SUPPLY VOUT aed 
VARIABLE 
IMPEDANCE" IMPEDANCE** 
our’ outs: 
SUM NODE* SUM NODE** 
INTERNAL 5 INTERNAL 
AMPUFIER™ AMPLIFIER 
SLIDING BAND 5) SUDING BAND 
BUFFER IN" BUFFERIN"* 
NG BAND SLIDING BAN! 
SBurreR OUT BUFFER OUT** 
STEP SZE STEP SIZE 
BUFFERIN" BUFFERIN'* 
STEP SIZE 5] STEP SIZE 
BUFFER OUT" BUFFER OUT" 
Loic 
Plea DIGITAL GND 
STEP SZE 
OATAIN Sxnes 
AUDIO 
DATAIN REF VOUT 
Bal cock 
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BLOCK DIAGRAM 


SUMMING 


INTEGRATOR 
AMP AMP 


tes tc 
“T" 1S0pF “T 3.90F 


NE5S240 


Vec 


REFERENCE 
GENERATOR 
Va 


NOTE: | 
One channel of the apciicaton shown with exams! compenssss | 
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Preliminary Specification 


Dolby Digital Audio Decoder NE5240 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER UNIT 


Vs Analog supply voltage +15 


Operating ambient temperature range 0 to +70 
Tsta Storage temperature range -65 to +150 
Tso.o Lead temperature (soldering, 60sec) 


DC ELECTRICAL CHARACTERISTICS Aili specifications are at Ts = 25°C, Voc = 12V, Voo = SV. 


PARAMETER TEST CONDITIONS 


SYMBOL 


Voc = 12V 
Yop = 5V 


| in 
| 19] 
| 45 | 
| 10 | 
mz. 
| 2 | 
SS ee 
‘deamon: 
a 
| 150 | 
| 150 _| 
pemer 
at 
la 2a 
7 
| ss | 


Supply current 


Supply current 


‘ | 
5 lll 5 lg Ee ace T 
ee 

summing emp owotiows 
[Ope ote vitae 


Output offset change 


10%-SBD-70% 


Reference voltage 
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Dolby Digital Audio Decoder NE5240 


AC ELECTRICAL CHARACTERISTICS 


i 
SYMBOL TEST CONDITIONS? UNIT 
[min | typ | max | 
|__| Absokte output level =| {= 1kHz, SSD = 40% 93 a mVaus | 
|__| Cannel balance | {= tkHz, 20%-SSD-70% =415 15 | 
| ___[StepSze tinearty | {= 1kHz, 20%-SSD-70% | -1.5 1.5 08 
|__| Step-Size tinearity {= 100Hz, SSD = 90% -25 1.0 dB 
t Frequency response {= 5kHz, SBD = 20% -10 |. | 10 a8 
[ ta [Frequency responso | {= 7kHz, SBD = 30% 1.0 1.0 dB 
lta | Frequency response {= 8kHz, SBD = 40% ~1.0 2 "Ei ee) 
| ta _| Frequency response {= 10kHz, SBD = 50% -1.0 | 1.0 d8 
cal Frequency response f= 12kHz, SBD = 60% -1.0 1.0 d8 
(all WRT 100Hz) {= 14kHz, SBD = 70% “15 15 gO 
SIN _ | Dynamic range SSD = 70%, CCIR/ARM ao | es : a | 
Harmonic distortion {= 1kHz, -308 | o1 | o5 % | 
Harmonic distortion {= 1kHz, -104B me 0.05 | 02 % 
Channel separation f= 1kHz, 0¢B 75 dB 
| PSAR | Power supply rejection ratio! f= tkHz 60 dB 
NOTES: 


1, PSRR depends on value of capacitor on Pin 16. 
2. The duty cycie of SSD and SBD contol data is 10%, unless otherwise noted. 
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DESCRIPTION 

The NE5410/SE5410 are 10-bit Multi- 
plying Digital-to-Analog Converters pin- 
and function-compatible with the indus- 
try-standard MC3410, but with improved 
performance. These are capable of high- 
speed performance, and are used as 
general-purpose building blocks in cost 
effective D/A systems. 


The NE/SE5410 provides complete 10- 
bit accuracy and differential non-linearity 
over temperature, and a wide compli- 
ance voltage range. Segmented current 
sources, in conjunction with an R/2R 
DAC, provide the binary weighted cur- 
rents. The output buffer amplifier and 
voltage reference have been omitted to 
allow greater speed, lower cost, and 
maximum user flexibility. 


ORDERING INFORMATION 


NE/SE5410 


{0-Bit High-Speed Multiplying 


D/A Converter 


Product Specification 


FEATURES 

¢ Pin- and function-compatible with 
MC3410 

© 10-bit resolution and accuracy 
(+ 0.05%) 

Guaranteed differential non- 
linearity over temperature 

@ Wide compliance voltage range — 
-2.5 to +2.5V 

© Fast settling time — 250ns typical 

© Digital inputs are TTL- and 
CMOS-compatible 

e High-speed multiplying input slew 
rate — 20mA/us 

e Reference amplifier internally- 
compensated 

e Standard supply voltages +5V 
and -15V 


| DESCRIPTION TEMPERATURE RANGE ORDER CODE 


0 to +70°C 


NES410F 


16-Pin Cerdip 
16-Pin Cerdip 


-55 to +125°C SE5410F 


BLOCK DIAGRAM 


-— 

MsB 
| i 
| 4|s je |? 


Vaer(*)O 


Vreri-)O 


iss 


} Dy Dz Oy Oy Os Dg Oy Og Oy Dig 
99 9 


6s jro}i ne 


CURRENT SWITCHES 


LADDER TERMINATORS 


R2R LADDER 


poorsens 
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PIN CONFIGURATION 


F Package 


conons 


APPLICATIONS 

e Successive approximation A/D 
converters 

e High-speed, automatic test 
equipment 

© High-speed modems 

e Waveform generators 

e CRT displays 

e@ Strip CHART and X-Y plotters 

e Programmable power supplies 


e Programmable gain and 
attenuation 


853-0945 86554 


Product Specification 
ee 


10-Bit High-Speed Multiplying D/A Converter NE/SE5410 


ABSOLUTE MAXIMUM RATINGS T, = + 25°C, unless otherwise specified. 


Appbed output votage +4, -50 
incre 


Vrer | Reference amplifier inputs 


Vrer) | Reference amplifier differential inputs 


Operating temperature range 
SE5410 
NE5410 


Junction temperature 
Ceramic package 


Ta = 25°C (still-air)' 


1. Derate above 25°C at the following rate: 
F package al 9.5miW/*C. 


DC ELECTRICAL CHARACTERISTICS Voc = +5.0Vpc. Vee =-15Vp0. Ince = 2.0mA, all digital inputs at high logic level. 
SE5410: Ta =-55°C to + 125°C, NE5410 Senes: T,=0°C to +70°C, unless 
otherwise noted. 


LIMITS 


TEST CONDITIONS 


Relative accuracy 


(Error relative to full scale Io) Ovenilemperaiixe: 


| Over temperature 
| 


Settling time to within 2 LSB = 25°C 
(all bits low to high) aS 
Fa — —s. oad 


Digital input logic levels (all bits) 
High level, Logic "1" 
Low level, Logic "0" 


Digital input current (a!} bits) 
High level, Vix = 5.5V 
Low level, Vi = 0.8V 


Reference input bias current (Pin 15) HA 
Ver = 2.000V, 
aI Output current (all bits high) Fye=10002 3.937 mA 


Output current (all bits low) Ta = 25°C 


Ta = 25°C 
Output voltage compliance 


p< 0.050% 
| Reference amplifier slew rate | | Reference amplifier slew rate | slew rate 


felalive to full-scale 


ogo 
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Product Specification 


10-Bit High-Speed Multiplying D/A Converter NE/SE5410 


DC ELECTRICAL CHARACTERISTICS (Continued) Voc = +5.0Vpc. Vee =-15Vpc. Iner = 2.0mA, all digital inputs at high 
logic level. SE5410: Ta = -55°C to +125°C, NE5410 Series: Ta = 0°C 
to +70°C, unless otherwise noted. 


LIMITS 


SYMBOL TEST CONDITIONS 


Digital input capacitance 


(all bits high) | 


PARAMETER 


Reference amplifier settling time 


Output current power supply 
sensitivity 


PSRA(-) 


Output capacitance 


Power supply current 
(all bits low) 


+2 

-12 hea 
+4.75 +5.0 +5.25 
-14.25 =e -15.75 


Power supply voltage range 


| Power consumption 


Voc = +5.0¥ 
Vee= - 15.0¥ 
Ta = 25°C 
Incr =2mA 


OUTPUT CURRENT (mA) 


OUTPUT COMPLIANCE VOLTAGE (VOLTS) 


-75-50-25 0 25 SO 75 100 125 


| “sbest ao 1¢ 3 5 
Ta(*Cy 


COMPLIANCE VOLTAGE (VOLT) 


corenes Crd 


Figure 2. Maximum Output Compliance Voltage vs 


| Figure 1. Output Current vs Output Compliance Voltage Temperature 


fT TTT aise ate= 1.0k 


8 CURVE 

SMALL-SIGNAL BW 

fo= 1000 

Vaer( +) = 50 mV, 
CENTERED AT + mv 


RELATIVE OUTPUT (dB) 


Vneri+)=2Y, 
CENTERED A 


0.1 020305 1.0 2.03.0 5.0 
1, FREQUENCY (MHz) 


lec, lee, POWER SUPPLY CURRENT (mA) 


° 
-75-50-25 0 25 SO 75 100 125 
Ta (PC) 


crro7e0s 


crs 


. Power Supply Currents vs Temperature 


Figure 4. Reference Amplifier Frequency Response 
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Product Specification 


eae 5 Oe 


10-Bit High-Speed Multiplying D/A Converter 


a 


CIRCUIT DESCRIPTION 

The NE5410 consists of four segment current 
Sources which generate the 2 Most Signifi- 
Cant Bits (MSBs), and an R/2R DAC imple- 
mented with ion-implanted resistors for scal- 
ing the remaining 8 Least Significant Bits 
(LSBs) (see Figure 5). This approach pro- 
vides complete 10-bit accuracy without tim- 
ming. 

The individual bit currents are switched ON or 
OFF by fully-diferential current switches. The 
Switches use current steering for speed. 


An on-chip high slew reference current ampli- 
fier drives the R/2R ladder and segment 
decoder. The currents are scaled in such a 
way thal, with all bits on, the maximum output 
current is two times 1023/1024 of the refer- 
ence amplifier current, or nominally 3.996mA 
for a 2.000mA reference input current. The 
reference amplifier allows the user to provide 
@ voltage input: out-board resistor R16 (see 
Figure 6) converts this voltage to a usable 
current A current mirror doubles this refer- 
ence current and feeds it to the segment 
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decoder and resistor ladder. Thus, for a 
reference voltage of 2.0V and a 1k resistor 
tied to Pin 16, the full-scale current is approxi- 
mately 4.0mA. This relationship will remain 
regardless of the reference voltage polarity. 


Connections for a positive reference voltage 
are shown in Figure 6a. For negative reter- 
ence voltage inputs, or for bipolar reference 
voltage inputs in the multiplying mode, R15 
can be tied to a negative voltage correspond- 
ing to the minimum input level. For a negative 
reference input, R16 should be grounded 
(Figure 6b). In addition, the negative voltage 
reference must be at least 3V above the Veg 
supply voltage for best operation. Bipolar 
input signals may be handled by connecting 
R16 to a positive voltage equal to the peak 
positive input level at Pin 15 


When a DC reference voltage is used, capaci- 
tive bypass to ground is recommended. The 
5V logic supply is not recommended as a 
reference voltage. If a well regulated 5.0V 
supply, which drives logic, is to be used as 
the reference, R16 should be decoupled by 


Vee) 


Figure 5. NE5410 Equivalent Circuit 


122 


NE/SE5410 


connecting it to the +5.0V logic supply 
through another resistor and bypassing the 
junction of the two resistors with a 0.1uF 
capacitor to ground 


The reference amplifier is internally-compen- 
sated with a 10pF feed-forward capacitor, 
which gives it its high slew rate and fast 
settling time. Proper phase margin is main- 
tained with ali possible values of R16 and 
reference voltages which supply 2.0mA refer- 
ence current into Pin 16. The reference 
current can also be supplied by a high imped- 
ance current source of 2.0mA. As R16 in- 
creases, the bandwidth of the amplifier de- 
creases slightly and settling time increases. 
For a current source with a dynamic output 
impedance of 1.0MQ, the bandwidth of the 
reference amplifier is approximately half what 
it is in the case of R16 = 1.0k2, and settling 
time is =10us. The reference amplifier phase 
margin decreases as the current souce value 
decreases in the case of a current source 
reference, so that the minimum reference 
current supplied from a current source is 
0.5mA for stability 


CODE SELECTED 0111110011 


(11) (12) 


Ves 
(INTERNAL) 


Product Specification 


10-Bit High-Speed Multiplying D/A Converter 


NE/SE5410 


D; THROUGH | 
O10 | 


NOTES: 

Riot Ry = Rye = Ree 

Rr< Re 

ly FS. =2 in = Vrer/Raee 
a. Positive Reference Voltabe 


D0, THROUGH | 
Dio | 


| Vee 


| NOTES: 

| yee Ar = Ras 
RAr< <Rig 
Veer * Avge * 3V 


b. Negative Reference Voltage 
| Figure 6, Basic Connections 
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OUTPUT VOLTAGE 


COMPLIANCE 

The output voltage compliance ranges from 
-2.5 to +2.5V. As shown in Figure 2, this 
compliance range is nearly constant over 
temperature. At the temperature extremes, 
however, the compliance voltage may be 
reduced if Veg > -15V. 


ACCURACY 

Absolute accuracy is a measure of each 
output current level with respect to its intend- 
ed value. It is dependent upon relative accu- 
racy and full-scale current drift. Relative accu- 
racy, or linearity, is the measure of each 
output current with respect to its intended 
fraction of the full-scale current. The relative 
accuracy of the NE5410 is fairly constant 
over temperature due to the excellent tem- 
perature tracking, of the implanted resistors. 
The full-scale current from the reference 
amplifier may drift with temperature causing a 
change in the absolute accuracy. However, 
the NE5410 has a low full-scale current drift 
with temperature. 


The SE5410 and the NE5410 are accurate to 
within + Ye LSB at 25°C with a reference 
current of 2.0mA on Pin 16. 


MONOTONICITY 

The NE5410 and SE5410 are guaranteed 
monotonic over temperature. This means that 
for every increase in the input digital code, 
the output current either remains the same or 
increases but never decreases. In the multi- 
plying mode, where reference input current 
will vary, monotonicity can be assured if the 
reference input current remains above 
0.5mA. 


Product Specification 


OO EMR ee ee 


10-Bit High-Speed Multiplying D/A Converter 


a ee SS eS 


SETTLING TIME 

The worst-case switching condition occurs 
when all bits are switched on," which corre- 
sponds to a LOW-to-HIGH transition for all 
bits. This time is typically 250ns for the output 
to settle to within + Y2 LSB for 10-bit accura- 
cy, and 200ns for 8-bit accuracy. The turn-off 
time is typically 120ns. These times apply 
when the output swing is limited to a small 
(<0.7V) swing and the extemal output ca- 
pacitance is under 25pF. 
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The major carry (MSB off-to-on, all others on- 
to-off) settles in approximately the same time 
as when all bits are switched off-to-on. 


lf a load resistor of 6252 is connected to 
ground, allowing the output to swing to -2.5V, 
the settling time increases to 1.5ys. 


Extra care must be taken in board layout as 
this is usually the dominant factor in satisfac- 
tory test results when measuring settling time. 


Toes 


Figure 8. Propagation Delay Time 
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NE/SE5410 


Short leads, 100uF supply bypassing, and 
minimum scope lead length are all necessary. 


A typical test setup for measuring settling 
time is shown in Figure 7. The same setup for 
the most part can be used to measure the 
slew rate of the reference amplifier (Figure 9) 
by tying all data bits high, pulsing the voltage 
reference input between 0 and 2V, and using 
a 5002 load resistor Ry. 


RISE AND FALL TIMES = 10ns 


1, — 250ns TYPICAL 
TO =1/2LSB 


RISE AND FALL TIMES < 10ns 


tein TPHL 


FOR PROPAGATION 
DELAY TIME 


We ITDIOS 


Product Specification 


10-Bit High-Speed Multiplying D/A Converter NE/SE5410 


Vagri+) 


9 +o 


Voer(+) 


Yo SLEW RATE 
OVo 
° 
ty = 248 TYPICAL 
= 259F TO 20.1% 
ab aries 


NOTE: 
Use RF, = 20M to GND for siew rate measurement. 


covers 


©Vour 


Toran 


a. Bipolar Output (-10 to + 10V) b. Unipolar Positive Output (0 - 10V) 


Figure 10. Voltage Output Circuits 
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Product Specification 


10-Bit High-Speed Multiplying D/A Converter NE/SES410 


NOTES: 
10-bf converson me = 3.3¢s wih SMHz clock 


‘Ths conworter uses a 2504 12-bit successive apprommation rogsier in he short cycle operating mode where the end of conversion signal is taken from the first unused bit of tne 
SAR (Q:2) 


Figure 11. Successive Approximation A/D Converter i 


coon uenavan 


rome 


NOTE: 
With thes doubie lich technique, vasd data wil be laiched to Ihe DAC untl updated wth the E2 pufse. Timing will depend on the processor used 


Figure 12. &-Bit uP Bus Interface 


November 14, 1986 


126 


Product Specification 


10-Bit High-Speed Multiplying D/A Converter NE/SE5410 


Pour 


NOTE: 


1023 
Vu FULL SCALE » 4mA (Ry +r) | —— 
1024 


Figure 13. Staircase A/D 


oS 
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DESCRIPTION 

The 5532 is a dual high-performance low 
noise operational amplifier. Compared to 
most of the standard operational amplifi- 
ers, such as the 1458, it shows better 
noise performance, improved output 
drive capability and considerably higher 
small-signal and power bandwidths. 


This makes the device especially suit- 
able for application in high-quality and 
professional audio equipment, instru- 
mentation and control circuits, and tele- 
phone channel amplifiers. The op amp is 
internaily compensated for gains equal 
to one. If very low noise is of prime 
importance, it is recommended that the 
5532A version be used because it has 
guaranteed noise voltage specifications. 


NE/SE5532/5532A 


Internally-Compensated Dual 
Low Noise Operational 


Amplifier 
Product Specification 


FEATURES 

® Small-signal bandwidth: 10MHz 

© Output drive capability: 6002, 
10Vams 

© Input noise voltage: 
5nV/VHz (typical) 

*® DC voltage gain: 50000 

@ AC voltage gain: 2200 at 10kHz 

* Power bandwidth: 140kHz 

© Slew rate: 9V/us 

e Large supply voltage range: +3 
to +20V 

© Compensated for unity gain 


EQUIVALENT SCHEMATIC (EACH AMPLIFIER) 


January 15, 1988 


129 


PIN CONFIGURATIONS 


TOP VIEW 


D Package’ 
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Product Specification 


Internally-Compensated Dual Low Noise 


NE/SE5532/5532A 
Operational Amplifier 


ORDERING INFORMATION 


TEMPERATURE RANGE ORDER CODE 


0 to 70°C NES532N 
NES532FE 
NES532AN 
NE5532AFE 
SESS32FE 
SES532AFE 
NE5532D 


Operating temperature range 
NE5532/A 
SE5532/A 


| -65 to +150 


F package 1000 mw 
D package 1200 mw 
Lead soldering temperature (10sec max) 300 | ‘ 


1. Diodes protect the inputs against over-voitags. Therefore, unless current-limitng resistors are used, large 


currents will flow if the differential input voltage exceeds 0.6V. Maximum current should be limited to 
+ 10mA. 


2. Therma! resistances of the above packages are as follows: 
N package at 100°C/W. 
F package at 135°C/W. 
D package at 105°C/W. 
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Product Specification 


Internally-Compensated Dual Low Noise NE/SE5532/5532A 
Operational Amplifier 


OC ELECTRICAL CHARACTERISTICS 1, = 25°C, Vs = + 15V, unloss otherwise specified.’ 2 3 


$E5532/5532A NE5532/5532A 
Min | Typ 


SYMBOL PARAMETER TEST CONDITIONS 

Vos Offset voltage 
Over temperature 

| SVos/AT 

los Offset current 100 
Over temperature 200 

Alos/AT 

Ig Input current 400 
Over temperature 700 


| 
lec Supply current | Over.io shee 


Common-mode input range EO ae 


peMBE Common-mode rejection ratio | 


| RL 22k, Vo=+10V 
Over temperature 


| Avot Large-signal voltage gain R_ > 6002, Vo =+10V 

| Over temperature 

| | Ry 2 6002 

| Over temperature 

| Vout | Output swing Ry > 6002, Vs => 18V | 3 =15 

| | Over temperature +12} 2 

| Ry 2 2kQ 213 | 213.5 

| Over temperature £12 | £125 

Ray i input resistance | 30 | 300 | 30 [sof [ 2 | 
[isc ___| Output short circuit current i eee ae 
NOTES: 


1 Diodes protect the inputs against overvoltage. Therefore, unless current-limiting resistors are used. large currents will flow if the differential input 
voltage exceeds 06V Maximum current should be limited to t 10mA. 

2 For operation at elevated temperature, derate packages based on the package thermal resistance. ies, ; 

3. Output may be shorted to ground at Vs = * 15V, Ta = 25°C. Temperature and/or supply voltages must be limited to ensure dissipation rating is not 
exceeded 
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Product Specification 


Internally-Compensated Dual Low Noise NE/SE5532/5532A 
Operational Amplifier 


AC ELECTRICAL CHARACTERISTICS T, = 25°C, Vs = + 15V, unless otherwise specified. 


4 srr 
Ay = 30dB Closed-loop 
ances | fe] | 8 
Voltage-follower 
Overshoot Vin = 100MVp.p ° 
C, = 100pF, Ry = 6002 


Vour = + 10V 140 
Power bandwidth Vout = £14V, Ry = 6002, 100 
Voc = + 18V 


ELECTRICAL CHARACTERISTICS 1, = 25°C, Vs = = 15, unless otherwise specified. 


NE/SE5532 NE/SE5532A 


nV/V Hz 


nV/V/Hz 


pA/VHz 
pA/VHz 


f= 1kHz, Rs = 5k2 
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Product Specification 


Internally-Compensated Dual Low Noise NE/SE5532/5532A 
Operational Amplifier 


TYPICAL PERFORMANCE CHARACTERISTICS 


Open-Loop Frequency 
Response 


Closed-Loop Frequency 


Large-Signal Frequency 
Response Ss! 


Response 


Input Common-Mode 
Voltage Range 


Yon on 
° 
j 
ane Roo 
| COCCHI 
7 fits ae a 
“0-2 GS SOOSCNOO tas S$ -25 0 0 15 6 OS 100 HS e we » 
Tarte) ™ec vei) 


Orcanoes Covanres 


Supply Current Input Noise Voltage Density 


o 


wi vm * 
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Product Specification 


Internally-Compensated Dual Low Noise 


NE/SE5532/5532A 
Operational Amplifier 


TEST CIRCUITS 


Closed-Loop Frequency Response Voltage-Follower 
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NE5533 /5533A 
NE/SA/SE5534/5534A 


Dual and Single Low Noise 


Op Amp 
Product Specification 


DESCRIPTION 

The 5533/5534 are dual and single high- 
performance low noise operational am- 
plifiers. Compared to other operational 
amplifiers, such as TLO83, they show 
better noise performance, improved out- 
put drive capability and considerably 
higher small-signal and power band- 
widths. 


FEATURES 
® Small-signal bandwidth: 10MHz 


© Output drive capability: 6002, 
10Vams at V5 = + 18V 

© Input noise voltage: 4nV/\/ Hz 

*® DC voltage gain: 100000 

® AC voltage gain: 6000 at 10kHz 

© Power bandwith: 200kHz 

© Slew rate: 13V/yus 

© Large supply voltage range: +3 


This makes the devices especially suit- 
able for application in high quality and 


professional audio equipment, in instru- to +20V 
mentation and control circuits and tele- ¢ 5534 MIL-STD processing 
phone channel! amplifiers. The op amps available 
are internally Compensated for gain 
erie en, APPLICATIONS 


equal to, or higher than, three. The 
frequency response can be optimized 
with an external compensation capacitor 
for various applications (unity gain ampli- 
fier, capacitive load, slew rate, low over- 
shoot, etc.) If very low noise is of prime 
importance, it is recommended that the 
5533A/5534A version be used which 
has guaranteed noise specifications. 


ORDERING INFORMATION 


e Audio equipment 


¢ Instrumentation and control 
circuits 


Telephone channel amplifiers 
® Medical equipment 


TEMPERATURE RANGE 
0 to +70°C 
0 to +70°C 
0 to +70°C 
0 to +70°C 
0 to +70°C 
0 to +70°C 
0 to +70°C 
0 to +70°C NES5534AD 
0 to +70°C NES5534AFE 


0 to +70°C | NESSa4AN | 
a 
-40°C to +85°C SA5534AD 
-40°C to +85°C SA5534AN 
-55°C to +125°C SE5534AFE 
-55°C to +125°C 
-55°C to +125°C 
-55°C to +125°C 


ORDER CODE 
NES533N 
NE5533AD 
NE5533AN 
NE5533D 
NE5534D 
NE5534FE 
NE5534N 


DESCRIPTION 
14-Pin Plastic DIP 


| 16-Pin Plastic SO package 
= ie ct 
14-Pin Plastic DIP 


_— 


16-Pin Plastic SO package 
[ “B-Pin Plastic so package 
8-Pin Hermetic Cerdip 
8-Pin Plastic DIP 


8-Pin Plastic SO package 


t 
. 


8-Pin Hermetic Cerdip 
8-Pin Plastic DIP 

8-Pin Plastic DIP 

8-Pin Plastic SO package 
= 8-Pin Plastic DIP 


8-Pin Hermetic Cerdip 
8-Pin Plastic DIP 


SE5534 FE 


8-Pin Hermetic Cerdip 
8-Pin Plastic DIP 
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PIN CONFIGURATIONS 


NE/SA/SE5534/5534A 


D, FE, N Packages 


a) BALANCE, 
COMPENSATION 
ICCERTING 
weur (2 
TS] COMPENSATION 


comes 


NE5533/5533A 


N Package 


INV INPUT A [73] BAL COMPA 
NPUTA 5] comp a 
BALANCE A [74] OUTPUT A 


BALANCE 8 
NONANVB 
NC 


Inve 


cores 
NE5533/5533A 
D Package 


This device may not be symboied in standard 
format. 


853-0222 91250 


Product Specification 


Se SE Oe Ee Cee Te ee Ne 
Dual and Single Low NE5533/5533A 
Noise Op Amp NE/SA/SE5534/5534A 


EQUIVALENT SCHEMATIC 
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Product Specification 


Dual and Single Low 
Noise Op Amp 


ABSOLUTE MAXIMUM RATINGS 


Cameor [____paraweren | — naa [ot 
Differential input voltage’ rl aie 


-55 to +125 
-40 to +85 
0 to +70 


Storage temperature range -65 to +150 °C 
[ uncton temperaure || 


Power dissipation at 25°C? 
5533D 
5533N 
5534D 
5534FE 
5534N 


Output short-circuit duration? Indefinite | 


Lead soldering temperature (10sec 
max) 


NOTES: 

1. Diodes protect the inputs against over voitage. Therefore, uniess current-limiting resistors are used, large 
currents will flow if the differential input voltage exceeds 0.6V. Maximum current should be limited to 
= 10mA. 

2. For operation at elevated temperature, derate packages based on the following junction-to-ambient 
thermal resistance: 

&-pin ceramic DIP 150°C/W 
8-pin plastic DIP 105°C/W 
&-pin plastic SO 160°C/W 
14-pin plastic DIP 80°C/W 
16-pin plastic SO 90°C/W 

3 Output may be shorted to ground at Vs = + 15V, Ta = 25°C. Temperature and/or supply voltages must be 
limited to ensure dissipation rating is not exceeded. 
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NE5533/5533A 
NE/SA/SE5534/5534A 


Product Specification 


Dual and Single Low NE5533/5533A 
Noise Op Amp NE/SA/SE5534/5534A 


DC ELECTRICAL CHARACTERISTICS T, = 25°C, Vs = + 15V, unless otherwise specified.'* 


NE5533/5533A 
NE/SA5534/5534A UNIT 


SE5534/5534A 


Vos 05 2 mV 
Offset voltage Over temperature 3 mV 
AVos/ AT 5 uv/°C 
los 20 | 300 nA 
400 nA 
Alos/AT 200 pA/°C 
'p 500 | 1500 nA 
Input current Over temperature | 1500 2000 nA 
Alg/AT 5 5 nA/°C 
Supply current } 4 | 65 | 4 8 mA 
per op amp Over temperature ; 9 10 mA 
Vom | Vv 
CMRR dB 
PSRR yuV/V 
V/mvV 
V/mV 
Vv 
Vv 
Ry = 6002, Vs = + 18V 215 | +16 Vv 
Ry > 2kQ +13 [213.5 v 
5 212 }212.5 Vv 
| Pov | trout resistance | cof of tool | kn 
isc | Output short circuit curent | 38 CL ee or 
NOTES: 


1. For NE5S33/5533A/5534/5534A, Tyay = O°C, Tuax = 70°C 
2. For SES534/5534A, Tuy = -55°C, Tyax = + 125°C. 
3. For SA55S34/5534A, Tyay = -40°C, Tax = + 125°C. 
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Dual and Single Low NE5533/5533A 
Noise Op Amp NE/SA/SE5534/5534A 


AC ELECTRICAL CHARACTERISTICS 1, = 25°C, Vs = + 15V, unless otherwise specified. 


ae 


| 
SES534/5534A | wegass34/5534A 
SYMBOL PARAMETER TEST CONDITIONS UNIT 


| Min | typ | Max | Min | Typ | Max | 
Ay = 30d8 closed-loop 
Rour Output resistance f= 10kHz, Ry = 60022, 03 2 
Co = 22pF | 
Voitage-foliower, 
Vin, = SOmMV 
Transient response Ri = 6002, Co = 22pF, 
C, = 100pF 


Coa we Se aoe [fat 
a a Se ae 


Transient response Vin = 5OmV, Ry = 6002 
Co = 47pF, Cy = SO0pF 


Overshoot | | ae en i eel 


Ay Gain f = 10kHz, Co =0 V/mvV 
{= 10kHz, Co = 22pF V/mV 


GBW | Gain bandwidth product Co = 22pF, C= 100pF | 10 | 10 


Co=0 13 V/us 
SR Siew rate Co = 22pF 6 V/us 


Power bandwidth Vout = + 10V, Co =0 
Vour = + 10V, Co = 22pF 
Vour = + 14V, Ry = 6002 
Co = 22pF, Voc = = 18V 


oe 
| SYMBOL PARAMETER 
| 


_—— 


i 


Vuoise Input noise voltage 


> 
| 
ly 


L NOISE 
Broadband noise figure 


2a @ Channel separation 


Input noise current 


a 
Rs = 5k. 
P tat Ages | | wo | ff to | 


November 3, 1987 139 


Product Specification 


Dual and single Low NE5533/5533A 
Noise Op Amp NE/SA/SE5534/5534A 
SUOBOLORIAUDIOM sk is Se ee. 


TYPICAL PERFORMANCE CHARACTERISTICS 


Slew Rate as a Function of 


Closed-Loop Frequency 


Compensation Capacitance Response 

ial rarer 
c 

Ganee 4 


RES alc 
ian ea 
Snae 


GAIN (6B) 


Supply Current Input Noise 
per Op Amp Voltage Density 
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Dual and Single Low NE5533/5533A 
Noise Op Amp NE/SA/SE5534/5534A 


TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Input Noise Total Input Broadband Input 
Current Density Noise Density Nolse Voltage 


Frequency Compensation and Offset Voltage 
Adjustment Circuit Closed-Loop Frequency Response 
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NolseOpaAmp ———S———SCC_CNE/SA/SE5534/5534A_ 


NOISE TEST BLOCK DIAGRAM 


BANDPASS 


AT 1 kHz 


November 3, 1987 142 


DESCRIPTION 


The SA/NE602 is a low-power VHF 
monolithic double-balanced mixer with 
input amplifier, on-board oscillator, and 
voltage regulator. It is intended for high 
performance, low power communication 
systems. The guaranteed parameters of 
the SA602 make this device particularly 
well suited for cellular radio applications 
The mixer is a "Gilbert cell’ multiplier 
configuration which typically provides 
18dB of gain at 45MHz. The oscillator 
will operate to 200MHz. It can be config- 
ured as a crystal oscillator, a tuned tank 
oscillator, or a buffer for an external L.O. 
The noise figure at 45MHz is typically 
less than 5dB. The gain, intercept per- 
formance, low-power and noise charac- 
teristics make the SA/NE602 a superior 
Choice for high-performance battery op- 
erated equipment. It is available in an 8- 
lead dual in-line plastic package and an 
8-lead SO (surface-mount miniature 
package). 


BLOCK DIAGRAM 


NE/SA602 


Double-Balanced Mixer and 
Oscillator 


Product Specification 


FEATURES PIN CONFIGURATION 

® Low current consumption: 2.4mA 
typical 

© Excellent noise figure: < 5.0dB 
typical at 45MHz 

® High operating frequency 

* Excellent gain, intercept and 
sensitivity 


@ Low external parts count; 
suitable for crystal/ceramic filters 


@ SA602 meets cellular radio 
specifications 


APPLICATIONS 

© Cellular radio mixer/oscillator 
@ Portable radio 

e VHF transceivers 

© RF data links 

@ HF/VHF frequency conversion 


e Instrumentation frequency 
conversion 
© Broadband LANs 


ps | vec 
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DESCRIPTION 


The SA/NE602 is a low-power VHF 
monolithic double-balanced mixer with 
input amplifier, on-board oscillator, and 
voltage regulator. It is intended for high 
performance, low power communication 
systems. The guaranteed parameters of 
the SA602 make this device particularly 
well suited for cellular radio applications. 
The mixer is a "Gilbert cell’’ multiplier 
configuration which typically provides 
18dB of gain at 45MHz. The oscillator 
will operate to 200MHz. it can be config- 
ured as a crystal oscillator, a tuned tank 
oscillator, or a buffer for an external L.O. 
The noise figure at 45MHz is typically 
less than 5dB. The gain, intercept per- 
formance, low-power and noise charac- 
teristics make the SA/NE602 a superior 
choice for high-performance battery op- 
erated equipment. It is available in an 8- 
lead dual in-line plastic package and an 
8-lead SO (surface-mount miniature 
package). 
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NE/SA602 


Double-Balanced Mixer and 
Oscillator 


Product Specification 


FEATURES 


@ Low current consumption: 2.4mA 
typical 


e Excellent noise figure: < 5.0dB 
typical at 45MHz 


® High operating frequency 


© Excellent gain, intercept and 
sensitivity 


Low external parts count; 
suitable for crystal/ceramic filters 


© SA602 meets cellular radio 
specifications 


APPLICATIONS 

© Cellular radio mixer/oscillator 
e Portable radio 

¢@ VHF transceivers 

e RF data links 

e HF/VHF frequency conversion 


e Instrumentation frequency 
conversion 


© Broadband LANs 


PIN CONFIGURATION 


meut al | 
weur o[ 2 | 


crouno [3 | 


[a] vec 
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output a[a | fs ] oureur 6 
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Product Specification 


a 


Double-Balanced Mixer and Oscillator 


NE/SA602 


ORDERING INFORMATION 


8-Pin Piastic DIP -40°C to +85°C 
8-Pin Plastic SO -40°C to +85°C 


Operating ambient temperature range 0 to +70 
NE602 -40 to +85 
SA602 


DC current drain 


LIMITS 


Input signal frequency 


Figure 1. Test Configuration 
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UNIT 
Vv 
H rt mA 
500 MHz 
MHz | 
6.0 dB 
RF = -45dBm: f, = 45.0 dBm 
fp = 45.06 
1 ] 
14 18 hs dB 
“KQ | 
a : pF 
(Pin 4 or 5) KQ | 


DESCRIPTION OF OPERATION 
The NE/SA602 is a Gilbert cell, an oscillator/ 
buffer, and a temperature compensated bias 
network as shown in the equivalent circuit. 
The Gilbert cell is a differential amplifier (Pins 
1 and 2) which drives a balanced switching 
cell. The differential input stage provides gain 
and determines the noise figure and signal 
handling performance of the system. 


The NE/SA602 is designed for optimum low 
power performance. When used with the 
SA604 as a 45MHz cellular radio 2nd IF and 
demodulator, the SA602 is capable of receiv- 
ing -119dBm signals with a 12dB S/N ratio 
Third-order intercept is typically -15dBm 
(that's approximately + 5dBm output intercept 
because of the RF gain). The system design- 
er must be cognizant of this large signal 
limitation. When designing LANs or other 
closed systems where transmission levels are 
high, and small-signal or signal-to-noise 
issues not critical, the input to the NE602 
should be appropriately scaled. 


Product Specification 


Double-Balanced Mixer and Oscillator 


Besides excellent low power performance 
well into VHF, the NE/SA602 is designed to 
be flexible. The input, output, and oscillator 
ports can support a variety of configurations 
provided the designer understands certain 
constraints, which will be explained here. 


The RAF inputs (Pins 1 and 2) are biased 
internally, They are symmetrical. The equiva- 
lent AC input impedence is approximately 
1.5k || 3pF through 50MHz. Pins 1 and 2 can 
be used interchangeably, but they shou'd not 
be DC biased externally. Figure 3 shows 
three typical input configurations. 


The rrixer outputs (Pins 4 and 5) are also 
internally biased. Each output is connected to 
the internal positive supply by a 1.5k22 resis- 
tor. This permits direct output termination yet 
allows for balanced output as well, Figure 4 
shows three single ended output configura- 
tions and a balanced output 


The oscillator is capable of sustaining oscilla- 
tion beyond 200MHz in crystal or tuned tank 
configurations. The upper limit of operation is 
determined by tank "'Q" and required drive 
levels. The higher the "'Q"’ of the tank or the 
smaller the required drive, the higher the 


Vee 


ne 


veneers 


a. Single-Ended Tuned Input 
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b. Balanced Input (For Attenuation 
of Second-Order Products) 


Figure 3. Input Configuration 
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NE/SA602 


permissible oscillation frequency. If the re- 
quired L.O. is beyond oscillation limits, or the 
system calls for an external L.O., the external 
signal can be injected at Pin 6 through a DC 
blocking capacitor. External L.O. should be at 
least 200mVp.p. 


Figure 5 shows several proven oscillator 
circuits. Figure 5a is appropriate for cellular 
tadio. As shown, an overtone mode of opera- 
tion is utilized. Capacitor C3 and inductor L1 
suppress oscillation at the crystal fundamen- 
tal frequency. in the fundamental mode, the 
supprossion network is omitted. 


Figure 6 shows a Colpitts varacter tuned tank 
oscillator suitable for synthesizer-controlled 
applications. It is important to buffer the 
output of this circuit to assure that switching 
spikes from the first counter or prescaler do 
not end up in the oscillator spectrum. The 
dual-gate MOSFET provides optimum isola- 
tion with low current. The FET offers good 
isolation, simplicity, and low current, while the 
bipolar transistors provide the simple solution 
for non-critical applications. The resistive di- 
vider in the emitter-follower circuit should be 
chosen to provide the minimum input signal 
which will assure correct system operation. 


When operated above 100MHz, the oscillator 
may not start if the Q of the tan is too low. A 
22kQ resistor from Pin 7 to ground will 
increase the DC bias current of the oscillator 
transistor. This improves the AC operating 
characteristic of the transistor and should 
help the oscillator to start. 22kQ will not upset 
the other DC biasing internal to the device, 
but smailer resistance values should be 
avoided. 


Teoma 


Untuned Input 


c. Single-Ended 


Product Specification 


Double-Balanced Mixer and Oscillator NE/SA602 


FILTER KAL38780 OR EQUIVALENT 
"Cy MATCHES 25K!) TO NEXT STAGE. 


<2 
6 


b. Single-Ended Crystal Filter 


c. Single-Ended IFT d. Balanced Output 


Figure 4. Output Configuration 


vonaners 


a. Colpitts Crystal Oscillator b. Colpitts L/C Tank Oscillator c. Hartley L/C Tank Oscillator 
(Overtone Mode) 


Figure 5. Oscillator Circuits 
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OC CONTROL VOLTAGE 
FROM SYNTHESIZER 


Se Mv2i0s 


= OR EQUIVALENT 


I 
| t ‘2N918 
2NS4E4 ali 
; ius 
| ae TO SYNTHESIZER sie 


Figure 6. Colpitts Oscillator Suitable for Synthesizer Applications and Typical Buffers 


0.$to 13M 229F 


(44.545 Mriz 
THIRD OVERTONE CRYSTAL 


LJ L2 J ALENT 
47pF 
= 
INPUT Je 209 to 0.283, ‘le 
220pF = = 
100nF 


rooeer15 


fe Figure 7. Typical Application for Cellular Radio 


November 9, 1987 147 


Product Specification 


Double-Balanced Mixer and Oscillator 


NE/SA602 


Figure 8. NE/SA602 Third-Order 
Intermod and 1dB Compression 
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Figure 9. Input Third-Order 
Intercept Point vs Voc 


INPUT INTERCEPT 68m 
' ' ' ‘ 


TEMPERATURE (°C) 


Figure 10. Third-Order Intercept 
Point vs Temperature 


nae cronies 
Figure 12 Figure 13 
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NOISE FIGURE (dBm) 


4 
40 ° 140 +80 
TEMPERATURE (°C) 


Signetics 


Linear Products 


DESCRIPTION 
The NE/SA604A is an improved mono- 
lithic low-power FM IF system incorpo- 
rating two limiting intermediate frequen- 
cy amplifiers, quadrature detector, mut- 
ing, logarithmic received signal strength 
indicator, and voltage regulator. The 
NE/SA604A features higher IF band- 
width (25MHz) and temperature com- 
pensated RSSI and limiters permitting 
higher performance application com- 
pared with the NE/SA604. The NE/ 
SA604A is available in a 16-lead dual-in- 
line plastic and 16-lead SO (surface- 
mounted miniature package) 
FEATURES 
e@ Low-power consumption 3.3mA 
typical 
e Temperature compensated 
logarithmic Received Signal 
Strength Indicator (RSSI) with a 
dynamic range in excess of 90dB 


BLOCK DIAGRAM 


NE/SA604A 
Hig 
FM IF System 


Preliminary Specification 


© Two audio outputs - muted and 
unmuted 


@ Low external component count; 
suitable for crystal/ceramic filters 

e Excellent sensitivity: 1.5uV across 
input pins (0.22uV into 502 
matching network) for 12dB 
SINAD (Signal to Noise and 
Distortion ratio) at 455kHz 


© SA604A meets cellular radio 
specifications 


APPLICATIONS 
e Cellular Radio FM IF 


® High performance 
communications receivers 


e Intermediate freqency 
amplification and detection up to 
21MHz 


e RF level meter 

© Spectrum analyzer 

© Instrumentation 

e FSK and ASK data receivers 


ace 
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h-Performance Low-Power 


PIN CONFIGURATION 
D and N Packages 
N27 


[16] iF AMP iNPUT 


uF AMP 
DECOUPLING 


if AMP 
OuTPuT 


[13} Guo 


LIMITER 
iNPUT 


[aa] miTER 

OECOUPLING 

[io] LimiTER 
DECOUPLING 


[ 9] umirer 


mss: output [5 | 


MUTE AUDIO 
OuTpur 
UNMUTE AUDIO 
OurTPuT 
OQuAORATURE 
wNPUT 


TOP viEW 


Preliminary Specification 


Caer Tae A eS el a 
High-Performance Low-Power FM IF System NE/SA604A 
ere Te ee Sar tr siete cate ae. Sn 


ORDERING INFORMATION 


DESCRIPTION 
16-Pin Plastic DIP 


16-Pin Plastic SO (Surtace- 0 to +70°C | NEGO4AD 
mounted miniature package) 


16-Pin Plastic DIP -40 to +85°C 


16-Pin Plastic SO (Surface- = +85°C 


ABSOLUTE MAXIMUM RATINGS 


[ves | imi opoatg votooe 


Operating temperature 
NE604A 


TEMPERATURE RANGE | ORDER CODE 


0 to +70°C NE604AN 


SA604AD 


SA604A 


TEST 
CONDITIONS 


Min | Typ 


—— 

Lv 

DC current drain 0 | mA | 
Mute switch input threshold (on) | 1.7 v | 
(of) | 40:1. | 
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AC ELECTRICAL CHARACTERISTICS Typical reading at Ts = 25°C; Veo = + 6V unless otherwise stated. IF frequency 
= 455kHz; IF level = -47dBm; FM modulation = 1kHz with + 8kHz peak deviation. 


Audio output with C-message weighted filter and de-emphasis capacitor. Test circuit 
Figure 1. The parameters listed below are tested using automatic test equipment to 
assure consistent electrical characteristics. The limits do not represent the ultimate 
performance limits of the device. Use of an optimized AF layout will improve many 
of the listed parameters. 


+ 
SA604A 


rian [ye [woe | NT 
ce 
| | 


TEST 
SYMBOL PARAMETER CONDITIONS 


Le 2 


Test at Pin 16 
80% AM 1kHz 
15nF de-emphasis 
150pF de-emphasis 
RF level -97dBm 


Input limiting-3dB 


AM rejection 


Recovered audio level 


Recovered audio level 
SINAD sensitivity 


No modulation for noise | 


AF level=-68d8m | 20 | 265 | 30 eet 
4.0 


RF level = -18d8m 41 | 485 | 55 485 | s6[ vi | 
[so | | 3 | 


Ra = 100k Pin 5 
Ry = 100k Pin 5 


Signal-to-noise ratio 


RSSI output’ 


RSS! range 
RSS! accuracy 


————a 


im input impedance 


IF output impedance 
1 
Limiter input impedance 


Unmuted audio output resistance 


Muted audio output resistance 


NOTE: 


1. NE604 data sheets refer to power at 502 input termination; about 21dB less power actually enters the internal 1.5k input 
NE604(50) NE604A (1.5x)/NE605 (1.5k) 
~97dBm ~118d8m 
-47d8m -68d5m 
+3 dBm -1806Bm 


2. The NE6O5 and NE6O4A are both derived from the same basic die. The NE605 performance plot NE604A. 
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Q = 20 LOADED 


NOTES: 


Cl 10nF +60-20% 63¥ K10000-75V Ceram Cr0 1500F t 2% 100¥ N3S00 Caramc 

C2 100nF + 10% Sov cis 

C3 100nF 2 10% SOV C12 

CA 100nF 210% SOV Fi 45SaHz Ceramic Filter Murata SFG455A3 


CS 100nF = 10% SOV 
CB 10pF 22% 100¥ NPO Cerame 512 Jaw Mets! Fim 

CT 100nF = 10% SOV AZ 18002 +1% Yew Metal Film 

CB 100nF 10% SOV R3 1500: ‘ww Carbon Composition 
CO 15AF 210% SOY Re 100kQ tes law Metal Film 


Fatee A2S49 


SIGNETICS 
negas TEST cxT OO | 


SIGNETICS 
NE6O4 TEST CKT 


Figure 1. NE604A Test Circuit 
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Figure 2. Equivalent Circuit 


CIRCUIT DESCRIPTION 

The NE/SA604A is a very high gain, high 
frequency device. Correct operation is not 
possible if good RF layout and gain stage 
practices are not used, The NE/SA604A can 
not be evaluated independent of circuit, com- 
ponents, and board layout. A physicial layout 
which correlates to the electrical limits is 
shown in Figure 1. The configuration can be 
used as the basis for production layout. 


The NE/SA604A is an IF signal processing 
system suitable for IF frequencies as high as 
21.4MHz. The device consists of two limiting 
amplifiers, quadrature detector, direct audio 
output, muted audio output, and signal 
strength indicator (with log output charactens- 
tic). The sub-systems are shown in Figure 2. 
A typical application with 45MHz input and 
455kHz IF is shown in Figure 3. 
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IF AMPLIFIERS 

The IF amplifier section consists of two log- 
limiting stages. The first consists of two 
differential amplifiers with 39dB of gain and a 
small signal bandwidth of 41MHz (when driv- 
en from a 50Q source). The output of the first 
limiter is a low impedance emitter follower 
with 1kQ of equivalent series resistance. The 
second limiting stage consists of three differ- 
ential amplifiers with a gain of 62dB and a 
small signal AC bandwidth of 28MHz. The 
outputs of the final differential stage are 
buffered to the internal quadrature detector. 
One of the outputs is available at Pin 9 to 
drive an external quadrature capacitor and L/ 
C quadrature tank 


Both of the limiting amplifier stages are DC 
biased using feedback. The buffered output 
of the final differential amplifier is fed back to 
the input through 42k22 resistors. As shown in 
Figure 2 tho input impedance is establishod 
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for each stage by tapping one of the feed- 
back resistors 1.6kQ2 from the input. This 
requires one additional decoupling capacitor 
from the tap point to ground. 


Because of the very high gain, bankwidth and 
input impedance of the limiters, there is a very 
real potential for instability at IF frequencies 
above 455kHz. The basic phenomenon is 
shown in Figure 6. Distributed feedback (ca- 
pacitance, inductance and radiated fields) 
forms a divider from the output of the limiters 
back to the inputs (including the AF input). If 
this feedback divider does not cause attenua- 
tion greater than the gain of the forward path, 
then oscillation or low level regeneration is 
likely. If regeneration occurs, two symptoms 
may be present: (1)The ASSI output will be 
high with no signal input (should nominally be 
250mvV or lower), and (2) the demodulated 
output will demonstrate a threshold. Above a 
certain input level, the limited signal will begin 
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NESO4 IF INPUT (2) (150011) 


DIO FOR 


AUDIO OUT = °C" MESSAGE WEIGHTED 
16 KHa PEAK DEVIATION) (08) 


{0 dO AEF © RECOVERED Al 


me v4 i AM (80%. MOO) 
i 


WESC2 RF INPUT (dBm) (5011) 


Crores, 


Figure 3. Typical Application Cellular Radio (45MHz to 455kHz) 


attenuation factor, and (3) reduce the gain 
Gain reduction can effectively be accom- 
plished by adding attenuation between sta- 
ges. This can also lower the input impedance 
if well planned, Examples of impedance/gain 
adjustment are shown in Figure 7. Reduce 
gain will result in reduced limiting sensitivity. 


A feature of the NE604A IF amplifiers, which 
is not specified, is low phase shift. The 
NE604A is fabricated with a 10GHz process 
with very small collector capacitance. It is 
advantageous in some applications that the 
Figure 4. First Limiter Bias phase shift changes only a few degrees over 
a wide range of signal input amplitudes. 
Additional information will be provided in the 
upcoming product specification (this is a pre- 
liminary specification) when charactenzation 


to dominate the regeneration, and the de- There are three primary ways to deal with 

modulator will begin to operate ina “normal’’ regeneration: (1) Minimize the feedback by 

manner. gain stage isolation, (2) lower the stage input is complete. 
impedances, thus increasing the feedback 


December 1988 154 


Preliminary Specification 


High-Performance Low-Power FM IF System 


NE/SA604A 


— 
p——--—---L } ----------4 
| | 
ame | % pawee Se foe 
Ista sal | 
| | | Le 
! I | 
| 

| al = at 

| Figure 6. Feedback Paths 


Stability Considerations 

The high gain and bandwidth of the NE604A 
in combination with its very low currents 
permit circuit implementation with superior 
performance. However, stability must be 
maintained and, to do that, every possible 
feedback mechanism must be addressed. 
These mechanisms are: 1) Supply lines and 
grounds, 2) stray layout inductances and 
capacitances, 3) radiated fields, and 4) phase 
shift. As the system IF increases, so must the 
attention to fields and strays. However, 
ground and supply loops cannot be over- 
looked, especially at lower frequencies. Even 
at 455kHz, using the test layout in Figure 1, 
instability will occur if the supply line is not 
decoupled with two high quality RF capaci- 
tors, a 0.1pF monolithic right at the Vee pin, 
and a 6,.8uF tantalum on the supply line. An 
electrolytic is not an adequate substitute. At 
10.7MHz, a 1uF tantalum has proven accepti- 
ble with this layout. Every layout must be 
evaluated on its own merit, don’t underesti- 
mate the importance of good supply bypass. 


At 455kHz, if the layout of Figure 1 or one 
substantially similar is used, it is possible to 
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directly connect ceramic filters to the input 
and between limiter stages with no special 
consideration. At frequencies above 2MHz, 
some input impedance reduction is usually 
necessary. Figure 7 demonstrates a practical 
means. 


As illustrated in Figure 8, 4302 external 
resistors are applied in parailel to the internal 
1.6k2 load resistors, thus presenting approxi- 
mately 33022 to the filters. The input filter is a 
crystal type for narrow-band selectivity. The 
filter is terminated with a tank which trans- 
forms to 3302. The interstage filter is a 
ceramic type which doesn't contribute to 
system selectivity, but does suppress wide- 
band noise and stray signal pickup. In wide- 
band 10.7MHz IFs the input filter can also be 
ceramic, directly connected to Pin 16. 


In some products it may be impractical to 
utilize shielding, but this mechanism may be 
appropriate to 10.7MHz and 21.4MHz IF. One 
of the benefits of low current is lower radiated 
field strength, but lower does not mean non- 
existent. A spectrum analyzer with an active 
probe will clearly show IF energy with the 
probe held in the proximity of the second 
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limiter output or quadrature coil. No specific 
recommendations are provided, but mechani- 
cal shielding should be considered if layout, 
bypass, and input impedance reduction do 
not solve a stubborn instability. 


The final stability consideration is phase shift. 
The phase shift of the limiters is very low, but 
there is phase shift contribution from the 
quadrature tank and the filters. Most filters 
demonstrate a large phase shift across their 
passband (especially at the edges). If the 
quadrature detector is tuned to the edge of 
the filter passband, the combined filter and 
quadrature phase shift can aggravate stabili- 
ty. This is not usually a problem, but should 
be kept in mind. 


Quadrature Detector 

Figure 5 shows an equivalent circuit of the 
NE604A quadrature detector. It is a multiplier 
cell similar to a mixer stage. Instead of mixing 
two different frequencies, it mixes two signals 
of common frequency but different phase 
Internal to the device, a constant amplitude 
(limited) signal is differentially applied to the 
lower port of the multiplier. The same signal is 
applied single ended to an external capacitor 
at Pin 9. There is a 90° phase shift across the 
phase shift across the plates of this capacitor, 
with the phase shifted signal applied to the 
upper port of the multipler at Pin 8, A quadra- 
ture tank (parallel L/C network) permits fre- 
quency selective phase shifting at the IF 
frequency. This quadrature tank must be 
returned to ground through a DC blocking 
capacitor. 
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HIGH IMPEDANCE 


7b. Low Impedance Termination and Gain Reduction 
Figure 7. Practical Termination 


Figure 8. Crystal Input Filter with Ceramic Interstage Filter 
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Figure 9. 
The loaded O of the quadrature tank impacts 
three fundamental aspects of the detector: 
Distortion, maximum modulated peak devia- 
tion, and audio output amplitude. Typical 
quadrature curves are illustrated in Figure 10. 
The phase angle translates to a shift in the 
multiplier output voltage. 


Thus a small deviation gives a large output 
with a high Q tank. However, as the deviation 
from resonance increases, the nonlinearity of 
the curve increases (distortion), and, with too 
much deviation, the signal will be outside the 
quadrature region (limiting the peak deviation 
which can be demodulated). If the same peak 
deviation is applied to a lower Q tank, the 
deviation will remain in a region of the curve 
which is more linear (less distortion), but 
creates a smaller phase angle (smaller output 
amplitude). Thus the Q of the quadrature tank 
must be tailored to the design. Basic equa- 
tions and an example for determining Q are 
shown below. This explanation includes first 
order effects only. 


Frequency Discriminator Design 
Equations for NE604A 


. (ta) 


(1b) 


Q; =R (Cp + Cs) wy (1c) 
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From the above equation, the phase shift 
between nodes 1 and 2, or the phase across 
Cy will be: 


hed 


Ow 
@=LVo- LVN =tg-'f ———— ]|(2) 
oy \? 
1-| — 
Ww 
w 
Figure 10. Is the plot of ¢ vs (=) 
Gy 


It is notable that at w=, the phase 
a 
shift is 2 and the response is close to 


a Straight line with a slope of 


The signal V. would have a phase shift 


7 20; 

of |- -| —— |w | with respect to the Vin. 
2 Wy; 

If Vin = A Sin wt (3) 
AVo=A 


x (=) 
Sin | wt +— -| —]w 
2 wy 


Multiplying the two signals in the mixer, and 
low pass filtering yields: 


Vin © Vo = A? Sin ut (4) 
" 

sn[ urd - 
2 


after low pass filtering 


v2 
Vout = 3 A (5) 


n { 20, 1 _ | 20, 
cos |- -| —]w | =- a? Sin| —]w 
2 wy 2 wy 


w w+ Aw 
Vour® 2Q; me 2Q; a (6) 
1 1 


QW 
<<- 
Z 


For 
Wy 


Which is the discriminated FM output. 
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NOTE: Aw is the deviation frequency from 
the carrier ww. 


Ref. Krauss, Raab, Bastian; Solid State Radio 
Eng.; Wiley, 1980, p.311. Example: At 455kHz 
IF, with *5kHz FM deviation. The max/min 
normalized frequency will be 


455 * 5kHz 
455 


= 1.010 or 0.990 


Go to the ¢ vs. normalized frequency curves 
(Figure 10) and draw a vertical 


w 
straight line at =| = 1.01. 
oy 


The curves with Q= 100, Q=40 are not 
linear, but Q=20 and less shows better 
linearity for this application. Too small Q 
decreases the amplitude of the discrimination 
FM signal. (Eq.6) 


Choose a Q= 20. 


The internal R of the 604A is 40k. From Eq. 
ic, and then 1b, it results that 


Cp + Cs =174pF and L =0.7mH. 


A more exact analysis including the source 
resistance of the previous stage shows that 
there is a series and a parallel resonance in 
the phase detector tank. To make the parallel 
and series resonances close, and to get 
maximum attenuation of higher harmonics at 
455kHz IF, we have found that a Cs = 10pF 
and Cp=164pF (commercial values of 
150pF or 180pF may be practical), will give 
the best results. A variable inductor which 
can be adjusted around 0.7mH, should be 
chosen and optimized for minimum distortion. 
(For 10.7MHz, a value of Cs = 1pF is recom- 
mended.) 


Audio Outputs 

Two audio outputs are provided. Both are 
PNP current-to-voltage converters with 55k 
nominal internal loads. The unmuted output is 
always active to permit the use of signaling 
tones in systems such as cellular radio. The 
other output can be muted with 70dB typical 
attenuation. The two outputs have an internal 
180° phase difference. 


The nominal frequency response of the audio 
outputs is 300kHz. This response can be 
increased with the addition of external resis- 
tors from the output pins to ground in parallel 
with the internal 55k resistors, thus lowering 
the output time constant. Since the output 
structure is a current-to-voltage converter 
(current is driven into the resistance, creating 
a voltage drop), adding external parallel resis- 
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tance also has the effect of lowering the 
Output audio amplitude and DC level. 


This technique of audio bandwidth expansion 
can be effective in many applications such as 
SCA receivers and data transceivers. Be- 
cause the two outputs have a 180° phase 
relationship, FSK demodulation can be ac- 
complished by applying the two outputs aiffer- 
entially across the inputs of an op amp or 
comparator. Once the threshold of the refer- 
ence frequency (or “no-signal" condition) 
has been established, the two outputs will 
shift in opposite directions (higher or lower 
Output voltage) as the input frequency shifts. 

The output of the comparator will be the 
logical output. The choice of op amp or 
comparator wil! depend on the data rate. With 

high IF frequency (10 MHz and above), and 

wide IF banawicth (L/C fitters) data rates in 

excess of 4Mbaud are possible. 


RSSI 

The “received signal strength indicator’, or 
RSSI, of the NEG0¢A demonstrates monoton- 
ic logarithmic output over a range of S0d8. 
The signal strength output is derived from the 
summed Stage currents in the imiting amplifi- 
ers. It is essentially independent of the IF 
frequency. Thus, unfiltered signals at the 


Figure 10. Phase vs. Normalized IF Frequency 


limiter inputs, spunous products, or regensr- 
ated signals will manifest themselves as RSS! 
outputs. An RSS! output of greater than 
250mV with no signal (or a very small signal) 
applied, ts an indication of possidie regenera- 
bon or oscillaton. 


In order to achieve optimum RSSI lineanty, 
there must be a 12d8 insertion loss between 
the first and second limiting amplifiers. With a 
typical 455kHz ceramic filter, there is a Nomi 
na! 4d8 insertion loss in the filter. An addition- 
al 608 is lost in the interface between the 
fiter and the input of the second limiter. A 
smal! amount of additional loss must be 
introduced with a typical ceramic filter, In the 
test circuit used for cellular radio applications 
(Figure 3) the optimum linearity was actweved 
with a 5.12 resistor from the output of the 
first limiter (Pin 14) to the input of the inter- 
stage filter. With this resistor from Pin 14 to 
the filter, sensitivity of 0.25uV for 12dB SI- 
NAD was achieved. With the 3.6k2 resistor, 
sensitivity was optimized at 0.22uV for 126B 
SINAD with minor change in the RSSi linean- 
ty. 

Any application which requires optimized 
RSS! lineanty, such as spectrum analyzers, 
cellular radio, and certain types of telemetry, 
wil require careful attentor to kmiter inter- 
stage component selection. This will be espe- 


NE/SA6O4A 


cially true with high IF frequencies which 
require insertion loss or impedance reduction 
for stability. 


At low frequencies the RSSI makes an excel- 
lent logarithmic AC voltmeter 


For data applications the RSSI is effective as 
an amplitude shift keyed (ASK) data slicer. If 
a comparator is applied to the RSSI and the 
threshold set slightly above the no signal 
level, when an inband signal is received the 
comparator will be sliced. Unlike FSK demod- 
ulation, the maximum data rate is somewhat 
limited. An internal capacitor limits the RSS! 
frequency response to about 100kHz. At high 
data rates the rise and fall times will not be 
symmetrical 


The RSS! output is a current-to-voltage con- 
verter similar to the audio outputs. However, 
an external resistor is required. With a 91kQ 
resistor, the output characteristic is 0.5V fora 
10d8 change in the input amplitude. 


Additional Circuitry 


Internal to the NE604A are voltage and cur- 
rent regulators which have been temperature 
compensated to maintain the performance of 
the device over a wide temperature range 
These regulators are not accessible to the 
user. 
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DESCRIPTION 

The NE/SA605 is a monolithic, low pow- 
er FM IF system incorporating VHF 
monolithic, double-balanced mixer with 
input amplifier, on-board oscillator, two 
limiting intermediate frequency amplifi- 
ers, quadrature detector, muting, loga- 
rithmic signal strength indicator, and 
voltage regulator. 


It is intended for high performance, low 
power communication systems. The 
guaranteed parameters of the SA605 
make this device particularly well-suited 
to cellular radio applications. The mixer 
is a ‘Gilbert cell’’ multiplier configuration 
which typically provides 15dB of gain at 
45MHz. The oscillator will operate to 
200MHz. It can be configured as a 
crystal oscillator, a tuned tank oscillator, 
or a buffer for an external L.O. The noise 
figure at 45MHz is typically less than 
5dB. The gain, intercept performance, 
low power, and noise characteristics 
make the NE/SA605 a superior choice 
for high-performance battery-operated 
equipment 


The NE/SA605 is available in 20-lead 
dual in-line plastic and Cerdip packages 
and 20-pin SO (surface-mounted minia- 
ture) packages. 


ORDERING INFORMATION 


NE/SA605 
Low Power FM 


Objective Specification 


FEATURES 

e Low power consumption: 5.3mA 
typical 

© Excellent noise figure: < 5.0dB 
typical at 45MHz 

e High operating frequency 

© Excellent gain, intercept, and 
sensitivity 

© Low external parts count; 
suitable for crystal/ceramic filters 

© SA605 meets cellular radio 
specifications 

@ Logarithmic Received Signal 
Strength Indicator (RSSI) with a 
dynamic range in excess of 80dB 

e Separate data output 

© Audio output with muting 

© Excellent sensitivity: 1.5uV across 
input pins (0.27ynV into 502 
matching network) for 12dB 
SINAD (Signal-to-Noise and 
Distortion ratio) at 455kHz 


— 


| ~ DESCRIPTION | TEMPERATURE RANGE ORDER CODE 
[ 20-Pin Plastic DIP 0 to +70°C NE6OSN | 
| 20-Pin Plastic SO 0 to +70°C 

20-Pin Ceramic DIP 0 to +70°C 


20-Pin Plastic DIP 


-40°C to +85°C 


20-Pin Plastic SO 


~40°C to +85°C 


20-Pin Ceramic DIP 


-40°C to +85°C 


| 
| 
| 
| 
+ 
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IF System 


PIN CONFIGURATION 


D, F, N Packages 


APPLICATIONS 
e Cellular radio FM IF 
e Communications receivers 


® Intermediate frequency 
amplification and detection up to 
25MHz 


e RF level meter 

e@ Spectrum analyzer 

¢ Instrumentation 

e Portable radio 

e VHF transceivers 

e RF data links 

e HF/VHF frequency conversion 


¢ Instrumentation frequency 
conversion 


© Broadband LANs 


Objective Specification 


Low Power FM IF System NE/SA605 


BLOCK DIAGRAM 


—Lst T 
() 

ka [rss | 5 (SX) 
pat tae pee 


ecco 


ABSOLUTE MAXIMUM RATINGS 


UNIT | 
Vv 7 
Cc 
Operating temperature range } 
NE605 0 to +70 H °C 


SA605 ~40 19 +85 
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Low Power FM IF System NE/SA605 


DC ELECTRICAL CHARACTERISTICS 1, = 25°C; Vcc = +6V. unless otherwise stated. 


LIMITS 


SYMBOL PARAMETER TEST CONDITIONS 


Power supply voltage range 


DC current drain 


Mute switch input threshold 
(on) 
(off) 


AC ELECTRICAL CHARACTERISTICS T, = 25°C; Voc = +6V, unless otherwise stated. RF frequency = 45MHz; IF 
frequency = 455MHz; FM modulation = 1kHz with + 8kHz peak deviation. Audio output 
with C-message weighted filter and de-emphasis capacitor. 


SYMBOL PARAMETER 


TEST CONDITIONS 


fosc Oscillator frequency 


Noise figured at 45MHz 
| Third-order intercept point 


Conversion gain at 45MHz 


Rin RF input resistance 
| Cin RF input capacitance 


. 
Mixer output resistance 


[_ 


input limiting -3d8 


AM rejection 


|_min_| tye | Max | 
[fac eat sional teeancy —*_ = Sardren eeetaeatatiow ud © tem ENY MRE oon OE) Daa | 
od Rae Rae 


AF =-45dBm: f, = 45.0 -15 d8m 
fo = 45.06 


a 
Sper ca We 
= a ee a ae 
a a Se 
[test ate | ee a 
se ee 


80% AM 1kHz 


| 
| 

if te 
| Recovered audio level 


“Recovered data level 


: — 


| sinva0 sensitivity 
| THD Total harmonic distortion 
“S/N | Signal-to-noise ratio 
~~ SSI output 
RSSI rango 
— 


RSSI accuracy 


IF input impedance 


IF output impedance 


Limiter input impedance 


Quadrature detector data output 
impedance 


aes Muted audio output impedance 
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After C filter and de-emphasis 


Vv; 
Capacitor mVAMS 


[a0 | a0 |_| avs | 
Lares 7am ste | | | 
eT 1 al eT 
[Ne moaiaton erase | 70 | | |__| 


Rass) = 100K 
RF level = -117d8m 400 mV 
RF level = -67d8m 2. 2.6 v 
RF level = -23d8m ( 5.0 v 


= 100k Pin 7 
mae 100k Pin 7 
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Low Power FM IF System 


NE/SA605 


Circuit Description 

The NE/SA605 is an RF/IF signa! processing 
system suitable for second IF or single con- 
version systems with input frequency as high 
as SOOMHz. The bandwidth of the IF ampiifi- 
ers is 25MHz. However, the gain distribution 
is optimized for 455kHz. The overall system is 
well-suited to battery operation as well as 
high-performance and high quality products 
of all types. 


The input stage is a Gilbert cell mixer with 
oscillator, Typical mixer characteristics in- 
clude a noise figure of SB, conversion gain 
of 15dB, and input third order intercept of 
~-15dBm. The oscillator will operate well in 
excess of 200MHz in L/C tank configurations, 
either Hartley or Colpitts. For crystai oscilla- 
tors, the Colpitts configuration is used. 

The output of the mixer is internally loaded 
with a 1.5kQ resistor permitting direct con- 


Aut 


os 
£5 
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nection to a 455kHz ceramic filter. The equrv- 
ajent input impedance of the limiting IF ampli- 
ers is also 1.5k2. With most 455kHz ceramic 
filters and many crystal filters, no impedance 
matching network is necessary. To achieve 
optimum linearity of the log signal strength 
indicator, there must be a 6dB insertion loss 
between the first and second IF stages. If the 
IF filter or interstage network does not cause 
6dB insertion loss, a fixed or vanable resistor 
can be added between the first IF output (Pin 
16) and the interstage network. 


The signal from the second [imiting amplifier 
goes to a Gilbert cell quadrature detector. 
One port of the Gilbert cell is internally driven 
by the IF. The other output of the IF is AC- 
coupled to a tuned quadrature network. This 
signal, which now has a 90° phase relation- 
ship to the internal signal, drives the other 
port of the multiplier cell. 


Overall, the IF section has a gain of 92dB. For 
operation al intermediate frequencies greater 
than 455kHz, special care must be given to 
layout, termination, and interstage loss to 
avoid instability. Alternatively, if gain distribu- 
tion permits, only the second limiting IF stage 
can be used. This stage has 57dB of gain. 


The demodulated output of the quadrature 
detector is available at two pins, one continu- 
Ous and one with a mute switch. Signal 
attenuation with the mute activated is greater 
than 60d8. The mute input is very high 
impedance and is compatible with CMOS or 
TTL levels. 


A log signal strength indicator completes the 
Circuitry. The output range is greater than 
8008 and is temperature compensated. This 
jog signal strength indicator exceeds the 
criteria for AMPs or TACs cellular telephone. 


Fuy2 
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" 
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Figure 1. NE/SA605 45MHz Test and Application Circult 
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DESCRIPTION 

The NE612 is a low-power VHF mono- 
lithic double-balanced mixer with on- 
board oscillator and voltage regulator. It 
is intended for low cost, low power 
communication systems with signal fre- 
quencies to 500MHz and local oscillator 
frequencies as high as 200MHz. The 
mixer is a ''Gilbert cell’’ multiplier config- 
uration which provides gain of 14dB or 
more at 49MHz. 


The oscillator can be configured for a 
crystal, a tuned tank operation, or as a 
buffer for an external L.O. Noise figure at 
49MH2z is typically below 6dB and makes 
the device well suited for high perfor- 
mance cordless telephone. The low 
power consumption makes the NE612 
excellent for battery operated equip- 
ment. Networking and other communica- 
tions products can benefit from very low 
radiated energy levels within systems. 
The NE612 is available in an 8-lead dual 
in-line plastic package and an 8-lead SO 
(surface mounted miniature package). 


BLOCK DIAGRAM 


NE612 


Double-Balanced Mixer and 


Oscillator 


Product Specification 


FEATURES 

¢ Low current consumption 
e Low cost 

© Operation to 500MHz 

*® Low radiated energy 


© Low external parts count; 
suitable for crystal/ceramic filter 


e Excellent sensitivity, gain, and 
noise figure 


APPLICATIONS 

® Cordless telephone 

© Portable radio 

e VHF transceivers 

e RF data links 

© Sonabuoys 

© Communications receivers 
e Broadband LANs 


e HF and VHF frequency 
conversion 


weurals | 
meut o[ 2 | 
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PIN CONFIGURATION 


D, N Packages 


oOo Vee 
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[6 | OSCKLLATOR 
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TOP VIEW 
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Product Specification 


Double-Balanced Mixer and Oscillator NE612 


ORDERING INFORMATION 


DESCRIPTION 


TEMPERATURE RANGE ORDER CODE 
BP Paste OF 0 +70 [_NesieN 
On Paste 50 nESt20 


ABSOLUTE MAXIMUM RATINGS 


LIMITS 


Conversion gain at 49MHz 
RF input resistance 

CG RF input capacitance | 
Mier output resistance 


(Pin 4 or 5) 


DESCRIPTION OF OPERATION 
The NE612 is a Gilbert cell, an oscitlator/ 
buffer, and a temperature compensated bias 
network as shown in the equivalent circuit. 
The Gilbert cell is a differential amplifier (Pins 
1 and 2) which drives a balanced switching 
cell. The differential input stage provides gain 
and determines the noise figure and signal 
handling performance of the system. 


The NE612 is designed for optimum low 
power performance. When used with the 
NE614 as a 49MHz cordless telephone sys- 
tem, the NE612 is capable of receiving 
~-119dBm signals with a 12dB S/N ratio. 
Third-order intercept is typically -15dBm 
(that's approximately + 5dBm output intercept 
because of the RF gain). The system design- 
er must be cognizant of this large signal 
limitation. When designing LANs or other 
closed systems where transmission levels 
are high, and small-signal or signal-to-noise 
Figure 1. Test Configuration issues not critical, the input to the NE612 
should be appropriately scaled. 


November 3, 1987 164 


Product Specification 


Double-Balanced Mixer and Oscillator 


NE612 


Besides excellent low power performance 
well into VHF, the NE612 is designed to be 
flexible. The input, output, and oscillator ports 
can support a variety of configurations provid- 
ed the designer understands certain con- 
straints, which will be explained here. 


The RF inputs (Pins 1 and 2) are biased 
internally. They are symmetrical. The equiva- 
lent AC input impedance is approximately 
1.5k || 3pF through 50MHz. Pins 1 and 2 can 
be used interchangeably, but they should not 
be DC biased externally. Figure 3 shows 
three typical input configurations. 


The mixer outputs (Pins 4 and 5) are also 
internally biased. Each output is connected to 
the internal positive supply by a 1.5k2 resis- 
tor. This permits direct output termination yet 
allows for balanced output as well. Figure 4 
shows three single-ended output configura- 
tions and a balanced output 


The oscillator is capable of sustaining oscilla- 
tion beyond 200MHz in crystal or tuned tank 
configurations. The upper limit of operation is 
determined by tank "'Q” and required drive 
levels. The higher the Q of the tank or the 
smaller the required drive, the higher the 


a 


L 


roeates 


a. Single-Ended Tuned Input 
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Figure 2. Equivalent Circuit 


Tones 


b. Balanced Input (for Attenuation 
of Second Order Products) 


Figure 3. Input Configuration 
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permissible oscillation frequency. If the re- 
quired L.O. is beyond oscillation limits, or the 
system calls for an external L.O., the external 
signal can be injected at Pin 6 through a DC 
blocking capacitor. External L.O. should be 
200mVp.p minimum to 300MVp.p maximum. 


Figure 5 shows several proven oscillator 
circuits. Figure 5a is appropriate for cordless 
telephones, In this circuit a third overtone 
parallel-mode crystal with approximately 5pF 
load capacitance should be specified. Capac- 
itor C3 and inductor L1 act as a fundamental 
trap. In fundamental mode oscillation the trap 
is omitted. 


Figure 6 shows a Colpitts varacter tuned tank 
oscillator suitable for synthesizer-controlled 
applications. It is important to buffer the 
output of this circuit to assure that switching 
spikes from the first counter or prescaler do 
not end up in the oscillator spectrum. The 
dual-gate MOSFET provides optimum isola- 
tion with low current. The FET offers good 
isolation, simplicity, and low current, while the 
bipolar circuits provide the simple solution for 
non-critical applications. The resistive divider 
in the emitter-follower circuit should be 
chosen to provide the minimum input signal 
which will assume correct system operation. 


i 


c. Single-Ended Untuned Input 
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Product Specification 


Double-Balanced Mixer and Oscillator NE6412 


FILTER KALIS7BO OR EQUIVALENT 
“Cy MATCHES 2.480) 10 NEXT STAGE 


T 
} 
é 


b. Single-Ended Crystal Filter 


zal 


d. Balanced Output 


Figure 4. Output Configuration 


a. Colpitts Crystal Oscillator b. Colpitts L/C Tank Oscillator c. Hartley L/C Tank Oscillator 
(Overtone Mode) 


Figure 5. Oscillator Circuits 
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Double-Balanced Mixer and Oscillator NE612 


DC CONTROL VOLTAGE 
FROM SYNTHESIZER 


myv2105 
OR EQUIVALENT 


is 


ronzeecs 


Tr 


3SK126 


2N918 


TO SYNTHESIZER 


0.01pF TO SYNTHESIZER 


Teer Toorse3 


Figure 6. Colpitts Oscillator Suitable for Synthesizer Applications and Typical Buffers 


TEST CONFIGURATION 


OSto1 mH 


ed 


Figure 7. Typical Application for 46/49MHz Cordless Telephone 
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Product Specification 


Double-Balanced Mixer and Oscillator 


NE612 


Figure 8. NE612 Third-Order 
Intermod and 1dB Compression 
Point Performance 
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Figure 9. Input Third-Order 
Intercept Point vs Vcc 
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Figure 10. Third-Order Intercept 
Point vs Temperature 
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DESCRIPTION 

The NE/SA614A is an improved mono- 
lithic low-power FM IF system incorpo- 
rating two limiting intermediate fre- 
quency amplifiers, quadrature detec- 
tor, muting, logarithmic received signal 
strength indicator, and voltage regula- 
tor. The NE/SA614A features higher IF 
bandwidth (25MHz) and temperature 
compensated RSSI and limiters per- 
mitting higher performance application 
compared with the NE/SA604. The 
NE/SA614A is available in a 16-lead 
dual-in-line plastic and 16-lead SO 
(surface-mounted miniature package). 


FEATURES 

+ Low-power consumption 
3.3mA typical 

+ Temperature compensated 
logarithmic Recelved Signal 
Strength Indicator (RSSI) with a 


ORDERING INFORMATION 


NE/SA614A 


Low Power FM IF System 


Preliminary Specification 


dynamic range In excess of 
90dB 

+ Two audio outputs - muted 
and unmuted 

+ Low external component 
count; sultable for 
crystal/ceramic filters 

- Excellent sensitivity: 1.5uV 
across Input pins (0.22:V Into 
502 matching network) for 12dB 
SINAD (Signal to Noise and 
Distortion ratlo) at 455kHz 

+ SA614A meets consumer cellular 
radio specifications 


APPLICATIONS 

+ Consumer cellular radio FM IF 

+ Consumer communications 
receivers 

+ Intermediate frequency 


amplification and detection up to 


25MHz 
+ RF level meter 


DESCRIPTION 
16-Pin Plastic DIP 


PIN CONFIGURATION 
D,N PACKAGE 


TOP VIEW 


+ Spectrum analyzer 
+ Instrumentation 


+ FSK and ASK data recelvers 


TEMPERATURE RANGE | ORDER CODE 


September 13, 1988 
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st adc pe yates ates non 2 ieee ales Seectoolion, 
Low Power FM IF System NE/SA614A 
eo Ne tie aoe ee eee 


Operating temperature 
NE614A 


PARAMETER TEST 


CONDITIONS 


Power supply voltage range ee a ee 
DC current drain a 


Mute switch input thresho!d_(on) 
(off) 


AC ELECTRICAL CHARACTERISTICS Typical reading at T, = 25°C; V_.. = +6V unless otherwise stated. IF 
frequency = 455kHz; IF level = -47dBm; FM modulation = 1kHz with +8kHz peak deviation. Audio output with C-message 
weighted filter and de-emphasis capacitor. Test circuit Figure 1. The parameters listed below are tested using automatic 
test equipment to assure consistent electrical characteristics. The limits do not represent the ultimate performance limits 
of the device. Use of an optimized RF layout will improve many of the listed parameters. 


CONDITIONS MIN [| MAX | 


Input limiting - 348 Test at Pin 16 -92 |__| 
AM rejection 80% AM 1kHz 25 33 
[ Recovered andiolevel | 15nF de-emphasis——| 60+ 175+ 260 
| Recovered audiolevel ____|150pF de-emphasis | —=«dY~—ssa0 sd SC*d 
RF level -976Bm 12 ae 
[STHDMOLG. Somes SRT eT ae ee al 
RSSI output RF level = -118dBm ty) 160 800 
RF level = -68dBm | 175-2. somealitaig gr] 
[RFlevel=-18dBm ss | 36 | 4.80 | 


[ Limiter inputimpedance | CSC~C‘C~SC*r 
Unmuted audio output resistance| Cd 
Muted audiooutputresisiance [sd 


NOTE: 
1, NE614A data sheets re'er to power at 500 input termination; about 2108 less power actually enters the intemal 1.5k input. 


NE614A (50) NE614A (1.5kVNE615 (1.5k) 
-3768m -1184Bm 

-476Bm -686Bm 

+36Bm -186Bm 


The NE615 and NE614A are both denved from the same basic de. The NE615 perlormance plots are directly applicable to the NE614A. 
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Prellmina ecification 


Low Power FM IF System NE/SA614A 
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Figure 1. NE614A Test Circult 
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Low Power FM IF System 


Circult Description 

The NE/SA614A Is a very high gain, 
high frequency device. Correct 
operation Is not possible If good RF 
layout and galn stage practices are 
not used. The NE/SA614A can not 
be evaluated Independent of circult, 
components, and board layout. A 
physical layout which correlates to 
the electrical limits Is shown In Fig- 
ure 1. This configuration can be 
used as the basis for production 
layout. 


The NE/SA614A is an IF signal proc- 
essing system suitable for IF frequen- 
cies as high as 21.4MHz. The device 
consists of two limiting amplifiers, 
quadrature detector, direct audio out- 
put, muted audio output, and signal 
strength indicator (with log output char- 


VOLTAGE 
CURRENT 
CONVERTER 


Figure 2. Equivalent Circult 


acteristic), The sub-systems are 
shown in Figure 2. Atypical application 
with 45MHz input and 455kHz IF is 
shown in Figure 3. 


IF Ampliflers 

The IF amplifier section consists of two 
fog-limiting stages. The first consists of 
two differential amplifiers with 39dB of 
gain and a small signal bandwidii of 
41MHz (when driven from a 50Q 
source). The output of the first limiteris 
a low impedance emitter follower with 
1kQ of equivalent series resistance. 
The second limiting stage consists of 
three differential amplifiers with a gain 
of 62dB and a small signal AC band- 
width of 28MHz. The outputs of the 
final differential stage are buffered to 
the internal quadrature detector. One 
of the outputs is available at Pin 9 to 
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drive an external quadrature capacitor 
and UC quadrature tank. 


Both of the limiting amplifier stages are 
DC biased using feedback. The buff- 
ered output of the final differential 
amplifier is fed back to the input 
through 42kQ resistors. As shown in 
Figure 2 the input impedance is estab- 
lished for each stage by tapping one of 
the feedback resistors 1.6kQ from the 
input. This requires one additional 
decoupling capacitor from the tap point 
to ground. 


Because of the very high gain, band- 
width and input impedance of the limit- 
ers, there is a very real potential for 
instability at IF frequencies above 
455kHz. The basic phenomenon is 
shown in Figure 6. Distributed feed- 


Low Power FM IF System 
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(ESO? AF PUT (eB) (5!) 


Preiilmina ecification 


NE/SA614A 


Figure 3. Typical Application Cellular Radio (45MHz to 45S5kHz) 


Figure 4. First Umiter Biss 
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back (capacitance, inductance and 
radiated fields) forms a divider fromthe 
output of the limiters back to the inputs 
(including the RF input). If this feed- 
back divider does not cause attenu- 
ation greater than the gain of the for- 
ward path, then oscillation or low level 
regeneration is likely. If regeneration 
occurs, two symptoms may be present: 
(1)The RSSI output will be high with no 
signal input (should nominally be 
250mV or lower), and (2) the demodu- 
lated output will demonstrate a thresh- 
old. Above a certain input level, the 
limited signal will begin to dominate the 
regeneration, and the demodulator will 
begin to operate in a "normal" manner. 


There are three primary ways to deal 
with regeneration: (1) Minimize the 
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Figure S. Second Limiter and Quadrature Detector 
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Figure 6. Feedback Paths 


feedback by gain stage isolation, (2) 
lower the stage inputimpedances, thus 
increasing the feedback attenuation 
factor, and (3) reduce the gain. Gain 
reduction can effectively be accom- 
plished by adding attenuation between 
stages. This can also lower the input 
impedance if well planned. Examples 
of impedance/gain adjustment are 
shown in Figure 7. Reduced gain will 
result in reduced limiting sensitivity. 


A feature of the NE614A IF amplifiers, 
which is not specified, is low phase 
shift. The NE614A is fabricated with a 
10GHz process with very small collec- 


tor capacitance. It is advantageous in 
some applications that the phase shift 
changes only a few degrees over a 
wide range of signal input amplitudes. 
Additional information will be provided 
in the upcoming product specification 
(this is a preliminary specification) 
when characterization is complete. 


Stability Considerations 

The high gain and bandwidth of the 
NE614A in combination with its very 
low currents permit circuit implementa- 
tion with superior performance. How- 
ever, stability must be maintained and, 
to do that, every possible feedback 
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mechanism must be addressed. 
These mechanisms are: 1) Supply 
lines and ground, 2) stray layout induc- 
tances and capacitances, 3) radiated 
fields, and 4) phase shift. As the sys- 
tem IF increases, so must the attention 
to fields and strays. However, ground 
and supply loops cannot be over- 
looked, especially at lower frequen- 
cies. Even at 455kHz, using the test 
layout in Figure 1, instability will occur 
it the supply line is not decoupled with 
two high quality RF capacitors, a 0.1,F 
monolithic right at the V_. pin, ani 


6.8u,F tantalum on the supply line. An 
electrolytic is not an adequate substi- 


tute. At 10.7MHz, a 1p:F tantalum has 
proven acceptible with this layout. 
Every layout must be evaluated on its 
own merit, but don't underestimate the 
importance of good supply bypass. 


At 455kHz, if the layout of Figure 1 or 
one substantially similar is used, it is 
possible to directly connect ceramic 
fitters to the input and between limiter 
stages with no special consideration. 
At frequencies above 2MHz, some 
input impedance reduction is usually 
necessary. Figure 7 demonstrates a 
practical means. 


As illustrated in Figure 8, 4302 
external resistors are applied in paral- 


lel to the internal 1.6kQ load resistors, 
thus presenting approximately 3302 to 
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7b. Low Impedance Termination and Gain Reduction 


the filters. The input filter is a crystal 
type for narrow-band selectivity. The 
filter is terminated with a tank which 
transforms to 330Q. The interstage 
filter is a ceramic type which doesn't 
contribute to system selectivity, but 
does suppress wideband noise and 
stray signal pickup. In wideband 
10.7MHz IFs the input filter can also be 
ceramic, directly connected to Pin 16. 


In some products it may be impractical 
to utilize shielding, but this mechanism 
may be appropriate to 10.7MHz and 


Figure 7. Practical Termination 


21.4MHz IF. One of the benefits of low 
current is lower radiated field strength, 
but lower does not mean non-existent. 
A spectrum analyzer with an active 
probe will clearly show IF energy with 
the probe held in the proximity of the 
second limiter output or quadrature 
coil. No specific recommendations are 
provided, but mechanical shieiding 
should be considered if layout, bypass, 
and input impedance reduction do not 
solve a stubborn instability. 


The final stability consideration is 


phase shift. The phase shift of the 
limiters is very low, but there is phase 
shift contribution from the quadrature 
tank andthefilters. Most filters demon- 
strate a large phase shift across their 
passband (especially at the edges). It 
the quadrature detector is tuned to the 
edge of the filter passband, the com- 
bined filter and quadrature phase shift 
can aggravate stability. This is not 
usually aproblem, but should be keptin 
mind. 


gure 8. Crystal Inp 
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ut Filter with Ceramic Interstage Fliter 
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Quadrature Detector 

Figure 5 shows an equivalent circuit of 
the NE614A quadrature detector. tt is 
a multiplier cell similar to a mixer stage. 
Instead of mixing two different frequen- 
cies, it mixes two signals of common 
frequency but different phase. Internal 
to the device, a constant amplitude 
(limited) signal is differentially applied 
to the lower port of the multiplier. The 
same signal is applied single ended to 
an external capacitor at Pin 9. There is 
a 90° phase shift across the plates of 
this capacitor, with the phase shifted 
signal applied to the upper port of the 
multiplier at Pin 8. A quadrature tank 
(parallal L/C network) permits fre- 
quency selective phase shifting at the 
IF frequency, This quadrature tank 
must be retumed to ground through a 
DC blocking capacitor. 


The loaded Q of the quadrature tank 
impacts three fundamental aspects of 
the detector: Distortion, maximum 
modulated peak deviation, and audio 
output amplitude. Typical quadrature 
curves are illustrated in Figure 10. The 
phase angle translates to a shift in the 
multiplier output voltage. 


Thus a small deviation gives a large 
output with a high Q tank. However, as 
the deviation from resonance in- 
creases, the nonlinearity of the curve 
increases (distortion), and, with too 
much deviation, the signal will be out- 
side the quadrature region (limiting the 
peak deviation which can be demodu- 
lated). If the same peak deviation is 
applied to a lower Q tank, the deviation 
will remain in a region of the curve 
which is more linear (less distortion), 
but creates a smaller phase angle 
(smaller output amplitude). Thus theQ 
of the quadrature tank must be tailored 
to the design. Basic equations and an 
example for determining Q are shown 
below. This explanation includes first 
order effects only. 


Frequency discriminator design 
equations for NE614A 
Cs (ta) 


Vv = 
eiCneCy 


(Ie) 


Q,=R(C,+C,)a, 


From the above equation, the phase 
shift between nodes 1 and 2, or the 
phase across C, will be: 


o= ZVo- ZVnN= (2) 


Q, 


Q,0 
2 
@ 
: (24 
to) 


Figure 10. Is the plot of 0 vs. [2| 
Oy 


1 


tg 


his notable that at @ = w,, the phase 
n 
shift is > and the response is close 


to a straight line with a slope of 
a = 20} 
40 

The signal V, would have a phase 


shift of Rs i. @] with respect 
2 0; 


to the V,. 


HV, = ASin at 
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Muhiplying the two signals in the mixer, 
and low pass filtering yields: 


Vue Vo= A’ Sin at (4) 


Sinfat + = — =o 
2 @; 


after low pass filtering 


=> Vour= 5 A’ @) 


T «2 2Q, 
= —A Sin |— 
2 @, 
Vours 2Q;{—]} = (6) 
Q@, 
20, 21+ 40 
@; 
20,0 X 
For = 


Which is the discriminated FM output. 


(Note that Aw is the deviation tre- 
quency from the carrier w,.) 


Ref. Krauss, Raab, Bastian; Solid 
State Radio Eng.; Wiley,1980, p.311. 
Example: At 455kHz IF, with +5kHz 
FM deviation. The max/min normal- 
ized frequency will be 


455 45kKHz ys 0100r0.990 
455 


Go to the 6 vs. normalized frequency 
curves (Figure 10) and draw a vertical 


(0) 
straight line at | = 1.01. The 
@, 


curves with Q = 100, Q = 40 are not 
linear, butQ = 20 and less shows better 
linearity for this application. Too small 
Q decreases the amplitude of the dis- 
criminated FM signal. (Eq.6) 

=> Choose aQ = 20. 
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The internal R ofthe 614Ais 40k. From 
Eq. 1c, and then 1b, it results that 


C, + C, = 174pF and L = 0.7mH. 


A more exact analysis including the 
source resistance of the previous 
stage shows that there is a series and 
a parallel resonance in the phase de- 
tector tank. To make the parallel and 
series resonances close, and to get 
maximum attenuation of higher har- 
monics at 455kHz IF, we have found 
that a C, = 10pF and C, «164pF (com- 
mercial values of 150pF or 180pF may 
be practical), will give the best results. 
A variable inductor which can be ad- 
justed around 0.7mH should be cho- 
sen and optimized for minimum distor- 
tion. (For 10.7MHz, a value of C, = 1pF 
is recommended.) 


Audio Outputs 

Two audio outputs are provided. Both 
are PNP current-to-voltage converters 
with 55kQ nominal internal loads. The 
unmuted output is always active to 
permit the use of signaling tones in 
systems such as cellular radio. The 
other output can be muted with 70dB 
typical attenuation. The two outputs 
have an internal 180° phase difference. 


The nominal frequency response of the 
audio outputs is 300kHz. This re- 
sponse can be increased with the 
addition of external resistors from the 
output pins to ground in parallel with 
the internal 55k resistors, thus lowering 
the output time constant. Since the 
output structure is a current-to-volage 
converter (current is driven into the 
resistance, creating a voltage drop), 
adding external paraile! resistance 
also has the effect of lowering the out- 
put audio amplitude and DC level. 


This technique of audio bandwidth 
expansion can be effective in many 
applications such as SCA receivers 
and data transceivers. Because the 
two outputs have a 180° phase rela- 
tionship, FSK demodulation can be 
accomplished by applying the two out- 
puts differentially across the inputs of 
an op amp or comparator. Once the 
threshold of the reference frequency 
(or “no-signal" condition) has been 
established, the two outputs will shift in 


opposite directions (higher or lower 
output voltage) as the input frequency 
shifts. The output of the comparator 
will be the logic output. The choice of 
Op amp or comparator will depend on 
the data rate. With high IF frequency 
(10MHz and above), and wide IF band- 
width (L/C filters) data rates in excess 
of 4Mbaud are possible. 


RSSI 

The “received signal strength indica- 
tor", or RSSI, of the NE614A demon- 
strates monotonic logarithmic output 
over a range of 90dB . The signal 
strength output is derived from the 
summed stage currents in the limiting 
amplifiers. h is essentially independ- 
ent of the IF frequency. Thus, unfil- 
tered signals at the limiter inputs, spu- 
rious products, or regenerated signals 
will manifest themselves as RSSI out- 
puts. An RSSI output of greater than 
250mV with no signal (or a very small 
signal) applied, is an indication of pos- 
sible regeneration or oscillation. 


in order to achieve optimum RSSI lin- 
earity, there must be a 12dB insertion 
loss between the first and second lim- 
iting amplifiers. With a typical 455kHz 
ceramic fitter, there is a nominal 4dB 
insertion loss in the filter. An additional 
6dB is lost in the interface between the 
fiter and the input of the second limiter. 
Asmall amount of additional loss must 
be introduced with a typical ceramic 
fitter. In the test circuit used for cellular 
radio applications (Figure 3) the opti- 
mum linearity was achieved with a 
5.1kQ resistor from the output of the 
first limiter (Pin 14) to the input of the 
interstage filter. With this resistor from 
Pin 14 to the filter, sensitivity of O.25uV 
for 12dB SINAD was achieved. With 
the 3.6kQ resistor, sensitivity was opti- 


mized at 0.22uV for 12dB SINAD with 
minor change in the RSSI linearity. 


Any application which requires opti- 
mized RSSI linearity, such as spec- 
trum analyzers, cellular radio, and 
certain types of telemetry, will require 
czreful attention to limiter interstage 
cumponent selection. This will be 
especially true with high IF frequencies 
which require insertion loss or imped- 
ance reduction for stability. 
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At low frequencies the RSSI makes an 
excellent logarithmic AC voltmeter. 


For data applications the RSSlis effec- 
tive as an amplitude shift keyed (ASK) 
data slicer. Ifacomparator is applied to 
the RSSI and the threshold set slightly 
above the no signal level, when an in- 
band signal is received the comparator 
will be sliced. Unlike FSK demodula- 
tion, the maximum data rate is some- 
what limited. An internal capacitor 
limits the RSSI frequency response to 
about 100kHz. At high data rates the 
rise and fall times will not be symmetri- 
cal. 


The RSSI output is acurrent-to-voltage 
converter similar to the audio outputs. 
However, an external resistor is re- 
quired. With a 91kQ resistor, the out- 
put characteristic is 0.5V for a 10dB 
change in the input amplitude. 


Additional Circultry 

Internal to the NE614A are voltage and 
current regulators which have been 
temperature compensated to maintain 
the performance of the device over a 
wide temperature range. These regu- 
lators are not accessible to the user. 
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DESCRIPTION 

The NE645/646 is a monolithic audio 
noise reduction circuit designed as a 
direct replacement device for the 
NE645B/NE646B in Dolby” 8-Type 
noise reduction systems. The NE645/ 
646 is used to reduce the level of 
background noise introduced during re- 
cording and playback of audio signals on 
magnetic tape, and to improve the noise 
level in FM broadcast reception. This 
circuit is available only to licensees of 
Dolby Laboratories Licensing Corpora- 
tion, San Francisco, California. 


NOTE: 
*T.M. Dolby Laboratones Licensing Corporaton. 


ORDERING INFORMATION 


NE645 /646 


Dolby Noise Reduction Circuit 


Product Specification 


FEATURES 
@ Accurate record mode frequency 
response 


e Excellent frequency response 
tracking with temperature and 
Vec + 0.4 dB typical 


© Excellent back-to-back dynamic 
response — DC shift less than 
20mvV typical 


© Improved stability of all op amps 
e High reliability packaging 


APPLICATIONS 
© Tape decks 
© Dolby surround sound system 


| TEMPERATURE RANGE 


—— 


ORDER CODE 


DESCRIPTION 
16-Pin Plastic DIP 


0 to +70°C 


16-Pin Plastic DIP 


BLOCK DIAGRAM 


0 to +70°C i 
be 


REFERENCE 


November 14, 1986 
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PIN CONFIGURATION 


N Package 


8 OuTpurT [3] 
REFERENCE (4 | 


853-0952 86554 


Product Specification 


Dolby Noise Reduction Circuit NE645/646 


ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATING 


Supply voltage 


Temperature range 


Operating ambient 0 to +70 
-65 to +150 


Lead soldering temperature 
(10sec max) 


DC ELECTRICAL CHARACTERISTICS Voc = 12V, f = 20Hz to 20kHz. All levels referenced to 580MVays (008) at 
Pin 3, Ta = +25°C, unless otherwise specified. 


NE645 NE646 
SYMBOL PARAMETER TEST CONDITIONS UNIT 


Max Typ | Max 
[cc | Sepp Curent Veo=12V epee 


3 
> 


Ay Voltage gain (Pins 5-3) f= 1kHz (Pins 6 and 2 connected) | 245 | 26 | = 24.5 26 27.5 dB 
S ‘i {= 1kHz, 0 dB at Pin 3, noise P 
Ay Voltage gain (Pins 3-7) ieee -05 | 0) | +05|-05| 0 | +05 dB 
Distortion 
Le lac { = 20H2-10 kHz, 008 0.05 | 0.1 0.05 | 02 % 
{= 20Hz-10 kHz, +10dB 0.15 03 0.2 05 % 
Signal handling’ thes! 
(Vee = 12V) 1% Gist at 1kHz | =i +15 +12 | +15 dB 
Record mode 67 72 64 72 dB 
S/N Signal-to-noise ratio? Playback mode 77 82 74 82 dB 
Record mode aI 
Frequency response {= 1.4kHz j 
{at Pin 7) referenced 
to encode monitor point 
(Pin 3) 


Back-to-back frequency Using typical record mode .5 
response frequency response test points 

Input resistance Pin 5 50 
Pin 2 


Back-to-back frequency 

response shift 
vs temperature O°C to +70°C 
vs supply voltage 8-20V 


NOTES: 
1, See maximum signal handling versus supply voltage charactensics. 
2 All noise levels are measured CCIR/ARM weghied using a 10h source with respect to Dolby level See Dolby Laboratories Bulletin 19. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


THD vs Frequency Record Mode 


TOTAL HARMONIC DISTORTION (%) 


THD vs Output Record Mode 
1.0 


TOTAL HARMONIC DISTORTION (%) 
° 


0.01 . 
-20 -10 ° +10 +20 


APPLICATION INFORMATION 
The NE645/646 is a direct replacement for 
the NE6458/646B8. The NE645/646 incorpo- 
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THD vs Frequency Record Mode 


TOTAL HARMONIC DISTORTION (%) 


THD vs Frequency 
Noise Reduction (NR) Off 


2 SSS 


O41 


TOTAL HARMONIC DISTORTION (%) 


100 1K 10K 


Supply Current vs 
Supply Voltage 


loc — SUPPLY CURRENT (ma) 


Vec — SUPPLY VOLTAGE (VOLTS) 


omrsises 


rates improved design techniques to insure 
excellent performance required in Dolby B 
and C Type Audio Noise Reduction Systems. 
Critical component values are unchanged 
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THD vs Frequency Play Mode 
1.0 


0.1 }— 


TOTAL HARMONIC DISTORTION (*%) 


0.01 


FREQUENCY (Hz) 
On tonnes 


Maximum Signal Handling 
vs Supply Voltage 


1% THD 
RECORD MODE 
V kHz aa 


OUTPUT (48 DOLBY) 


Vec — SUPPLY VOLTAGE (VOLTS) 


except for C309 on Pin 1 which is now an 
optional component in specific applications 
defined by Dolby Laboratories, All circuit 
Parameters are guaranteed at 12V Vcc. 


Product Specification 


Dolby Noise Reduction Circuit NE645/646 


DOLBY ENCODER Output for constant level input (single tone frequency response) 


= aa | 


NOTE: 


The figures grven in this table are the average response of many of Do’by Laboratones’ professional encoders, and are not intended to be taken as requred 
consumer equipment performance characteristics. Thus, no inference should be drawn on the tolerances which licensees must retain in consumer equipment. The 
figures can, however, be used to plot typcal charactenstics 
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Dolby Noise Reduction Circuit NE645/646 


TEST CIRCUIT 


NOTE: 
All resistors standard and are measured in 2 “Optional capacitor in specific applicatons defined by Dolby Laboratones. 
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DESCRIPTION 

The NE649 is an audio noise reduction 
circuit designed for use in low voltage 
entertainment systems. The circuit is 
used to reduce the level of background 
noise introduced during the recording 
and playback of audio signals on mag- 
netic tape and improve the noise 


Dolby is a vademark of Dolby Laboratones Licensing Corpo- 
faton 


ORDERING INFORMATION 


[ DESCRIPTION 


NE649 


Low Voltage Dolby Noise 
Reduction Circuit 


Product Specification 


level in FM broadcast reception. The 
Circuit is intended for use in automotive 
and portable cassette Dolby™ B-Type 
noise reduction systems. This circuit is 
available only to licensees of Doiby Lab- 
oratories Licensing Corp., San Fran- 
cisco. 


FEATURE 
@ Low voltage operation 


APPLICATION 
e Tape decks 


16-Pin Plastic DIP | 


TEMPERATURE RANGE | ORDER CODE 
0 to +70°C NE649N 


BLOCK DIAGRAM 


ABSOLUTE MAXIMUM RATINGS 
SYMBOL | PARAMETER 

I Voc Supply voltage 

[~ Ta : Operating temperature range 

[ aaa Storage temperature range 

| Tako ~ Lead soldering temperature 10sec max 


PIN CONFIGURATION 


N Package 


[15] F CONTROL 
8 output [3] [14] G OUTPUT 


REFERENCE [4 | 


[13] C OUTPUT 
[10] D FILTER 


TOP VIEW 


October 7, 1987 
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Low Voltage Dolby Noise Reduction Circuit NE649 


DC ELECTRICAL CHARACTERISTICS Vcc = SV, { = 20Hz to 20kHz. Alll levels referenced to 580MVaws (0d8) at Pin 3, 
Ta = +25°C, unless otherwise specified. 


PARAMETER TEST CONDITIONS 


Minimum voltage supply for 
8dB headroom f= 1.4kHz 
10dB headroom THD < 1% 


{= kHz 
(Pins 6 and 2 connected) 


f= 1kHz, 0d8 at Pin 3, 
noise reduction out 


E : f = 20kHz to 10kHz, 0dB 
Distortion {= 20Hz to 10kHz, +1048 


Signal Handling 
(See Performance Characteristics) 


Record 
(Pins 6 and 2 connected) 

Signai-to-noise ratio? Playback 
(Pins 6 and 2 connected) 


"= 1.4kHz 
0dB 
-200B 


Record mode frequency 
response (at Pin 7) referenced to 
encode 

monitor point (Pin 3) 


Back-to-back frequency response Using typical record mode response 


Record mode frequency response shift 


, : 0 to 70°C 
vs temperature ~40 to 85°C 
VS Voc 6 to 14V 


NOTES: 

1, With electronic switching. 

2. All noise levels are measured CCIR/ARM weighted using a 10k source with respect to Dolby level. See Dolby Laboratories Bulletin 19. 
3. The circuit will function as low as Voc = 4.5V (le, output signal present). See graphs of icc and signal handling vs Voc. 
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Low Voltage Dolby Noise Reduction Circuit NE649 


TYPICAL PERFORMANCE CHARACTERISTICS 


(+ 10dB) THD vs Frequency (0dB) THD vs Frequency 


x 
FREQUENCY (Hz) FREQUENCY (Hz) 


Maximum Signal Handling 
vs Supply Voltage for 
Current vs Supply Voltage 1%THD (Record) 


OUTPUT LEVEL (dB, 048 = 580m) 


6 
SUPPLY VOLTAGE (Vv) 
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Low Voltage Dolby Noise Reduction Circuit NE649 


DOLBY ENCODER Output for constant level input (single tone frequency response) 


INPUT LEVEL (dB) 


The figures given in this table are the average response of many of Dolby Laboratories’ professional encoders, and are not intended to be taken as required 
consumer equipment performance characteristics. Thus, no mterence should be drawn on the tolerance which licensees must retain in consumer equipment The 
figures can, however, be used to plot typical characteristics 
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Low Voltage Dolby Noise Reduction Circuit NE649 


TEST CIRCUIT 


*6TO+ay 
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DESCRIPTION 

The NE650 Is a monolithic audio noise 
reduction circuit designed for use in 
Dolby™8-Type noise reduction sys- 
tems. The NE650 is used to reduce the 
level of background noise introduced 
during recording and playback of audio 
signals on magnetic tape. 


ORDERING INFORMATION 


NE650 


Dolby B-Type Noise Reduction 


Circuit 


Product Specification 


The NE650 features excellent dynamic 
characteristics over a wide range of 
operating conditions and is pin-compati- 
ble with NE645/646. This circuit is avail- 
able only to licensees of Dolby Labora- 
tories Licensing Corp., San Francisco. 


Dolby is a tracemark of Dolby Laboratones Licens- 
ing Corporation 


| DESCRIPTION 


| TEMPERATURE RANGE 


ORDER CODE | 


[ 16-Pin Plastic DIP 
l 


0 to +70°C 


NE650N | 


ABSOLUTE MAXIMUM RATINGS 


= 
| SYMBOL | PARAMETER | RATING ‘ UNIT | 
| Vcc | Supply voltage | 24 Vv | 
| | Temperature range | | E 

Ta Operating ambient | 0 to +70 1 .&¢ | 

Tstc__| __ Storage | -65to+150 | °C 4 
| Tsoup | Lead soldering temperature (10 sec. max) } +300 | °C | 


BLOCK DIAGRAM 


| exoureur [7] 


PIN CONFIGURATION 


f N Package 
| 


B INPUT 15, F CONTROL 


8 ouTPUT 14} G OuTPuT 
[13] mic 


112} 0 INPUT 
[14] C OUTPUT 


REFERENCE 
A INPUT 

A OUTPUT 
110) 0 FILTER 
9) GROUND 


TOP VIEW 


co 


REFERENCE 


INTERMAL 
P— BIAS 
SUPPLY 
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Product Specification 


Dolby B-Type Noise Reduction Circuit NE650 


DC ELECTRICAL CHARACTERISTICS Voc = 12V, { = 20Hz to 20kHz. All levels referenced to 580MVays(Odb) at Pin 3, 
Ta = +25°C, unless othermse noted. 


SYMBOL PARAMETER TEST CONDITIONS = UNIT 
ax 
Supply voltage range 20 i. Vv 


a a 


Voltage gain (Pins 5-3) f= 1kHz (Pins 6 and 2 connected) 


— Voltage gain (Pins 3-7) f=kHz, 008 at Pin 3, noise reduction out 


Voltage gain (Pins 2-3) 
Distortion 


-05 


{=20Hz to 10kHz, 008 


% 
THD: 2nd and 3rd harmonic f=20Hz to 10kHz, + 10dB % 
1% distortion at 1kHz dB 


Signal-to-noise ratio” Record mode 68 72 
oe ee 
= Back-to-back frequency response Using typical record mode response | [sos | 


t= 14kHz 


Record mode frequency response 
{at Pin 7) referenced to encode -16.8 | -16.3 dB 
monitor point (Pin 3) dB 
dB 
=| 
di 
dB | 
dB 
kN 
kQ | 
kQ | 
2 
Back-to-back frequency response 
shift 
vs Ta 0°C to -70°C 0.4 dB 
vs Voc 8 to 20V dB 


NOTE: 
*All noise levels are measured CCIR/ARM weighted using a 10 source with respect to Dolby level. See Dolby Laboratories Bulletin 19. 
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Product Specification 


Dolby B-Type Noise Reduction Circuit NE650 


PERFORMANCE CHARACTERISTICS 


THD vs Frequency Play Mode 


THD vs Frequency Record Mode 


THD vs Frequency Record Mode 


: & 


NOT 


TOTAL HARMONIC DISTORTION (%) 

TOTAL HARMONIC DISTORTION (%) 

TOTAL HARMONIC DISTORTION (%) 
° 


2 
2 

~ 

8 


FREQUENCY (Hz) 


Crees 


THD vs Frequency Maximum Signal Handling vs 
Noise Reduction (NR) Off Supply Voltage 


20 


1% THD 
RECORD MODE 


TOTAL HARMONIC DISTORTION (%) 
TOTAL HARMONIC DISTORTION (%) 
OUTPUT (dB DOLBY) 


Voc — SUPPLY VOLTAGE (VOLTS) 
Prone 


Supply Current vs 
Supply Voltage 


loc — SUPPLY CURRENT (mA) 


12 4 ay 


Voc — SUPPLY VOLTAGE (VOLTS) 
corenes 


18 
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Product Specitication 


Dolby B-Type Noise Reduction Circuit NE650 


DOLBY ENCODER Output for constant level input (single tone frequency response) 


Input Level (dB) : 
0 
Covel P+ | | a = 7 
Level) 4 


meor | od 6 0 0 O- 
|, Sone = | 20 24 22-| 23 21 


NOTE: 

The figures given in this table are the average response of many of Dolby Laboratones’ professional encoders, and are not intended to be taken as required 
consumer equipment performance charactenstics. Thus, no inference should be drawn on the tolerance which licensees must retain in consumer equipment. The 
figures can, however, be used to plot typeca! characteristics. 
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Product Specification 


Dolby B-Type Noise Reduction Circuit NE650 


TEST CIRCUIT 


REFERENCE 


INPUT AMP 


Torgeccs: 


NOTES: 
All resistors standard and are measured in 2 
“Optional capacitor in specific appticatons defined by Dolby Laboratories. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


OM8200 


LOW COST SPEECH DEMONSTRATION BOARD 


GENERAL DESCRIPTION 


The low cost speech demonstration board is designed to add voice output to existing card based 
electronic equipment with the minimum of additional effort and components. The majority of 
components used are of the CMOS type with low power consumption making the board suitable 
for battery operation. 


Applications include speech evaluation and speech demonstration. 


FEATURES 


@ PCF8200 speech synthesizer 

— Male and female speech of very high quality 

— CMOS technology 

— Extended operating temperature range 

— Programmable speaking speed 
@ Low current consumption 

— All major components use CMOS technology 

(PCF8200, 80C39 and 27C64) 

@ Very large vocabulary up to 12 minutes 

— 4 EPROM sockets 

— EPROM selection for 27C16 to 27C256 

— Low data rates for synthesizer (average 1500 bits per second) 
@ Easy interfacing 

— 8-bit parallel data bus/key switch input 

— Volume control, speaker connection 

— Control signals (e.g. RESET, BUSY etc etc) 
@ Simple operating modes 

— ROM selection 

— Word sequence within a ROM 

— Repeat last utterence 

— Control software is readily customizeable 

— To implement parameter download from external source 
@ Single Eurocard size PC board 
@ Single +5 V supply 
@ Low cost 


APPLICATIONS 


@ OEM design-in 
@ May be simply used with many card systems for speech evaluation 
®@ Speech demonstration 
— Particularly simple when used with the OM8201 (Speech Demonstration Box) 
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DEVELOPMENT DATA 


Low cost speech demonstration board OM8200 


OPERATION 


HARDWARE DESCRIPTION 


The main controlling microprocessor is an 80C39 running at 6 MHz. This device supplies all of the 
main controlling signals for the board operation and the interfacing to any external system. 

Four sockets are provided for EPROMS which contain speech coding. These may be 27C16 types, 
through to 27C256 types; the sockets will be a low insertion force type to allow for easy customizing. 
The board will be supplied with one socket occupied by a 27C64 which will contain the control 
program and some speech examples. All four EPROM sockets must contain the same EPROM type. 


The speech synthesizer PCF8200 converts the coding into a speech output. This synthesizer has been 
designed to simulate the human vocal tract using five formants for male and four formants for female 
speech. Periodic updating of the parameters for these formants can produce very high quality speech. 


The output of the synthesizer can be fed into an audio amplifier, TDA7050, via a resistor-capacitor filter 
network which provides a frequency cut-off above 5 kHz of about 25 dB. The configuration of the 

audio amplifier used on this board gives an output of 140 mW peak power into a 25 92 speaker from 

a5 V supply. 


Connections are made to the board via a standard DIN/IEC connector. This allows access to the 
8-bit parallel data bus so that speech coding from an external source may be used, if implemented, 
and allows the selection of speech phrases by an external system, such as a microcomputer or even a 
bank of switches. The same connector also permits the addition of a volume control, loudspeaker, a 
high impedance audio output, and power supply. The control signals RESET, BUSY, WAIT and DS 
are also taken to the outside of the board. There is also a loudspeaker plug on the board. 


All components are contained on a standard single Eurocard, and therefore suitable for rack mounted 
equipment. 


SOFTWARE DESCRIPTION 

All the software required to operate the board is contained in the only EPROM supplied. The software 
is written in modular from so that it is possible for a customer to alter or add to any particular function 
which suits his applications. An industrial standard microprocessor was chosen so that readily available 
development systems could be used to facilitate this modification. 

There are four main modes of operation: 

— ROM Selection 

— Word Sequence 

— Repeat Word 

— Speaking Speed Selection 

These modes are all controlled by software. 

ROM Selection mode permits access to an individual EPROM and pronounces the first utterence 

from that EPROM. 

Word Sequence gives the next word (activated by repeated access to the same EPROM) and if continually 
exercised will keep looping on the words in that EPROM. 

The Repeat Word command allows indefinate repetition of the last utterance pronounced. 

The Speaking Speed Selection allows the utterence to be pronounced at a different speed. 


The software also controls the address sequencing within the utterance and ensures that the required 
data is supplied to the synthesizer, 
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OM8200 


There are also some examples of words/utterences encoded in the remainder of the supplied EPROM. 
These words are intended for demonstration purposes and will show the features of the synthesizer 
when selected, The main features being illustrated are: 

— Male speech in several languages 

— Female speech in several languages 

— Programmable speaking speed 


ORDERING INFORMATION 


Product name: Low Cost Speech Demonstration Board 
Type number: OM8200 
Ordering code: 9337 541 30000 


Orders should be placed with your local Philips/Signetics agency. 
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DEVELOPMENT DATA 
This data sheet contains advance information and OM8201 


specifications are subject to change without notice. 


SPEECH DEMONSTRATION BOX 


GENERAL DESCRIPTION 


Speech demonstration box OM8201 is designed to be used in conjunction with the low cost speech 
demonstration board OM8200. The box contains all the necessary components to drive the board. 
The combination of these two components make an extremely attractive demonstration unit. 


FEATURES 


@ Low cost 
@ Can use unmodified OM8200 board which allows access to all features of the OM8200 
® Single + 9 V supply 
— Low power consumption therefore permits battery operation 
— External power supplies may also be used 
— Voltage is regulated and dropped to a standard + 5 V for the OM8200 board 
@ Simple mechanical construction 
— Allows easy access to the OM8200 for changing EPROMS 
© Contains all peripherals needed to drive the OM8200 


HARDWARE DESCRIPTION 

The box contains a set of eight keypad switches which are connected to the data bus. Four switches 
can select which EPROM your speech data is derived from. Repeated pressing of an EPROM switch 
increments the expression number which will be uttered. To repeat the last expression, a separate 
switch must be activated. 

It is possible in the PCF8200 to change the rate of speaking to 73%, 123% or 145% of the normal 
speed. A switch has been included on the box which will sequence through the speed options making 
the same utterance every time. 

One of the two remaining switches is the master reset for the program and the other is for future 
enhancements of the box. 

Included in the box are, the volume control for the amplifier, the loudspeaker, and a high impedance 
audio output. 

The final piece of electronics is the power supply. This can be supplied from a +9 V internal battery 
or from a+9 V external supply. The +9 V is regulated to a +5 V supply which is then fed to other 
parts of the box and to the OM8200. 


The box is of simple construction and allows easy access to the OM8200 for changing of EPROMS. 


SOFTWARE DESCRIPTION 


There is no software in the OM8201. The software of the OM8200 may be used in an unmodified 
form without any problems. However, if changes have been made to the control program of the 
OM8200 then different functions for the switches of the box can be achieved. 


+5V 


VOLUME 
CONTROL 


us + 


Ls - 


audio-out 


7280627 


Fig. 1 Schematic diagram. 


ORDERING INFORMATION 


Product name: Speech Demonstration Box 
Type number: OM8201 
Ordering code: 9337 541 40000 


N.B. OM8200 must be ordered as well if this box is to be used in demonstration mode. 
The order number for the OM8200 is 9337 541 30000. 


Orders should be placed with your local Philips/Signetics agent. 
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DEVELOPMENT DATA 
This data sheet contains advance information and OM8209 


specifications are subject to change without notice, 


UPDATE PACKAGE FOR EXISTING OM8010 
SPEECH EDITING SYSTEM 


GENERAL DESCRIPTION 

This package, OM8209, is an updating package which allows the users of our already existing editing 

system for the MEA8GO0 aiso to generate the parameters and codes necessary for our new CMOS voice 

synthesizer, PCF8200. 

FEATURES 

® Hardware updates for the synthesizer board to permit output via the PCF8200 and the MEA8000 

© Software update to generate parameters and codes for the PCF 8200 

© Gives all the features of the OM8210 to those who have the OM8010 (used for generating first 
generation synthesizer codes) 

Hardware 


The only hardware changes are to the synthesizer card. This card is completely replaced by a new 
synthesizer card. This card contains the new PCF8200 voice synthesizer, the MEA8000 voice synthesizer 
and the necessary components required to interface the synthesizers to their environment. 


Software 


The software package is exactly the same as in the OM8210, for fuller information consult the data 
for that device, 


ORDERING INFORMATION 
Product name: Update package for existing OM8010 Speech Editing System using the HP9816S 


Type number: OM8209 
Ordering number: 9337 564 50000 


Orders should be placed with your local Philips/Signetics agent. 
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DEVELOPMENT DATA 
This data sheet contains advance information and OM8210 


specifications are subject to change without notice, 


SPEECH ANALYSIS/EDITING SYSTEM 


GENERAL DESCRIPTION 


The OM8210 is a speech analysing/editing system, and comprises of a speech adapter box and associated 
software. The system uses either the HP9816S or IBM-PC personal computer. 

The OM8210 and the computer function together to produce speech coding for the PCF8200. 

The system has many commands available, mostly single key operations, which gives it flexability. 


FEATURES 


Input sampling of analogue speech signals 

Speech analysis 

Graphic parameter representation 

Parameter editing screen 

Conversion of parameters to PCF8200 synthesizer 
EPROM programming 

Parameter storage on floppy disc 

Speech output via PCF8200 voice synthesizer 


ANALOGUE CARD 


ee ANALOGUE 
x 
CONTROL 


volume CARD 


1€C625/ 
1EEE488 


LJ 


YNTHESIZER PERSONAL 
. CARD COMPUTER 


PROGRAMMER 
CARD 


SPEECH ADAPTER BOX 
OM8210 


7287996 


Fig. 1 Block diagram. 
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OM8210 


HARDWARE DESCRIPTION 


The hardware for the OM8210 is contained in an attractive box with access to all the interconnections 
(IEC 625, interface loudspeaker, headphones, tape input, and EPROM socket), from the front panel. 
There are four single Eurocards and a power supply forming the speech adapter box. 

These cards are: 


— Analogue Card 
— Synthesizer Card 


— EPROM Card 
— Control Card 


Analogue Card 


On this card, the level of the recorded audio input signal is adjusted by an electronic potentiometer. 
Before the audio is sampled, frequencies higher than half the sampling frequency are removed by a 
switched capacitor filter of the type normally used for codecs. A 12-bit analoque-to-digital converter 
(ADC) produces the digital samples that are sent to the control card. An 8-bit digital-to-analogue 
converter (DAC) on the analogue card allows the sampled speech to be output. The audio input signal, 
the sampled speech and the synthesized speech are selected by an analogue multiplexer, filtered, 

and adjusted for volume before reproduction by a loudspeaker. 

The use of integrated electronic potentiometers and codec filters substantially reduces the number 

of components required while maintaining high performance. 


Synthesizer Card 


This card accommodates the PCF8200 voice synthesizer and a small amount of peripheral components 
and a socket for the MEA8000 voice synthesizer. 


EPROM Programmer Card 


This card allows four different types of EPROM (2716, 2732, 2732A and 2764) to be programmed 
under software control. All the hardware to generate the programming voltages and the programming 
waveforms are on this card. 


Control Card 
This card performs three functions: 


— IEC 625/IEEE 488 interface 

— Control sequencer 

— Clock generator 

The IEC/IEEE interface is a simple talker/listener implementation with a HEF 4738 circuit. 


An FPLA control sequencer provides the handshake signals for IEC/IEEE interface and the chip 
enable signals for the rest of the system (the ADC, the DAC, the synthesizer and control circuits). 


The filter sampling frequency is generated with a software programmable PLL frequency synthesizer. 
The speech sampling frequency is derived from the filter sampling frequency by frequency division. 
Hence, the filter frequency cut-off and the sample rate of the ADC and the DAC are automatically 
linked. 


The hardware includes all the necessary cables, adapter plug, loudspeaker, headphone and power supply. 
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Speech analysis/editing system OM8210 


SOFTWARE DESCRIPTION 


The software for this speech coding system has been developed and arranged for optimum user 
convenience. There are eight modes available. 


Each mode and each command in the mode is selected by single key entries. Commands that can 
destroy data have to be confirmed before they are executed. More than 100 commands are available. 
The modes are: 


Sample Mode Samples and digitizes the recorded speech, the amplitude can be checked and 
speech segments selected. The sampled speech is stored in a memory and can 
be displayed or made audible. 


Analysis Mode Generates speech parameters from samples. The analysis selects the voiced/ 
unvoiced sections, extracts the formants (5 for male and 4 for female), 
amplitude, and the pitch, and quantisizes the speech parameters. 


Parameter Speech parameters are displayed graphically on the VDU and can be edited to 
Edit Mode correct errors in the analysis, improve speech quality by altering contours, 
or amplitudes, concatenate sounds and optimize data rate by editing the frame 
duration. 
Code Mode Generates PCF8200 code and permits the arrangement of utterences in the 


optimum order of application. This mode also generates the address map at the 
head of the EPROM. 


EPROM Mode Used to program/read EPROMS with data for the code memory also possible is 
a new check, bit check and verification commands. 


File Mode Stores speech parameters or codes on disc, can also assemble code speech segment 
from an already existing library. 

Media Mode For diskette initialization and making back-up copies. 

Option Mode Allows the system configuration to be read or changed. 


The software is supplied on two diskettes, one labelled ‘BOOT’ which wakes up the system and also 
contains the system library routines. The other diskette labelled ‘SPEECH’ contains the speech pro- 
gram, the disc initialization and the file handler programs. The ‘BOOT’ disc is not required during 
operation, giving a free disc drive with the system for a diskette to store speech parameter files. 


Computer System 


The following equipment is required to make a complete Hewlett Packard based editing system: 
— HP9816S-630 (optimum computer type) or HP9817 

— HP9121D (dual floppy disc) 

— Additional memory card for the HP9816S (512 K bytes total required) 

The following equipment is required to make a complete IBM based editing system: 

— 1BM-PC or PC-XT or Philips P3100 

— Additional memory (512 K recommended) 

— Display graphics card (Hercules monochrome) 

— |EEE488 card (Tecmar Rev. D.) 


ORDERING INFORMATION 


Product name: Speech Analysis/Editing System 
Type number: OM8210 
Ordering code: 9337 561 50112 


The computer system should be purchased from your local agents. 
The OM8210 should be ordered through your local Philips/Signetics agent. 
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DEVELOPMENT DATA 


PCB80C51BH-3 
PCB80C31BH-3 


specifications are subject to change without notice, 


FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 
SINGLE-CHIP 8-BIT MICROCONTROLLER 


DESCRIPTION 

The PCB80C51 family of single-chip 8-bit microcontrollers is manufactured in an advanced CMOS 
process. The family consists of the following members: 

e@ PCB80C51BH-3: 4 K bytes mask-programmable ROM, 128 bytes RAM 

@ PCB80C31BH-3: ROM-less version of the PCB80C51BH-3 

In the following text, the generic term "PCB80C51BH-3” is used to refer to both family members. 
The device provides hardware features, architectural enhancements and new instructions to function 
as a controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K 
bytes of data memory. 

The PCB80C51BH-3 contains a non-volatile 4 K x 8 read-only program memory; a volatile 

128 x 8 read/write data memory; 32 |/O lines; two 16-bit timer/event counters; a five-source, 
two-priority level, nested interrupt structure; a serial 1/O port for either multi-processor communications, 
1/O expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems that 
require extra capability, the PCB80C51BH-3 can be expanded using standard TTL compatible memories 
and logic. 

The PCB80C51BH-3 has two software selectable modes of reduced activity for further power reduction - 
Idle and Power-down. 

The Idle mode freezes the CPU while allowing the RAM, timers, serial port and interrupt system to 
continue functioning. 

The Power-down mode saves the RAM contents but freezes the oscillator causing all other chip 
functions to be inoperative. 

The device also functions as an arithmetic processor having facilities for both binary and BCD 
arithmetic plus bit-handling capabilities. The instruction set consists of over 100 instructions: 

49 one-byte, 46 two-byte and 16 three-byte. With a 12 MHz crystal, 58% of the instructions are 
executed in 1 us and 40% in 2 ws. Multiply and divide instructions require 4 ys. Multiply, divide, 
subtract and compare are among the many instructions included in the instruction set. 


Features 

e@ 4K x 8 ROM (80C51BH-3 only), 128 x 8 RAM @ Enhanced architecture with: 

@ Four 8-bit ports, 32 1/O lines non-page-oriented-instructions 

@ Two 16-bit timer/event counters direct addressing 

e Full-duplex serial port four 8-byte + 1-byte register blanks 

e@ External memory expandable to 128 K, external stack depth up to 128-bytes 
ROM up to 64 K and/or external RAM up to 64 K multiply, divide, subtract and compare 

@ Boolean processing instructions 

@ 218 bit-addressable locations e PCB80C51/C31BH-3 

e@ On-chip oscillator XTAL frequency range: 1,2 to 16 MHz 

e@ Five-source interrupt structure with two priority temperature range: 0 °C to + 70 °C 
levels PCF80C51/C31BH-3 

e@ With a 12 MHz clock, 58% of the instructions XTAL frequency range: 1,2 to 12 MHz 
execute in 1 us; multiply and divide instructions temperature range: —40 °C to + 85 °C 
execute in 4 ys; all other instructions execute in PCA80C51/C31BH-3 
2 us XTAL frequency range: 1,2 to 12 MHz 


temperature range: —40 °C to +125 °C 
PACKAGE OUTLINES 


PCB/PCF80C5 1/C31BH-3P, PCA80C51/C31BH-3P: 40 lead DIL; plastic (SOT 129). 
PCB/PCF80C51/C31BH-3WP, PCA80C51/C31BH-3WP: 44-lead PLCC; plastic leaded chip-carrier 
(SOT 187 pedestal or SOT 187AA pocket version depending on source, versions are interchangeable. 
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PCB80C51BH-3 
PCB80C31BH-3 
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interrupts 
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(1) PCB80C51BH-3 only. 
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PCB80C51BH-3 


PROGRAMMABLE 
SERIAL PORT 
FULL DUPLEX UART 
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PROGRAMMABLE 1/O 
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address/data bus 
and 1/O pins 
7Z22385 


Fig. 1 Block diagram. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


PCB80C39 
PCB80C 49 


FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET 
SINGLE-CHIP 8-BIT CMOS MICROCONTROLLER 


DESCRIPTION 


The PC80CXX family of single-chip 8-bit CMOS microcontrollers consists of: 

© The PCB80C49 with resident mask programmed 2 K x 8 ROM, 128 x 8 RAM. 

© The PCB80C39 without resident program memory for use with external EPROM/ROM, 128 x 8 RAM. 
All versions are pin and function compatible to their NMOS counter parts but with additional features 
and high performance. 


The PC80CXX family are designed to be efficient control processors as well as arithmetic processors. 
Their instruction set allows the user to directly set and reset individual 1/O, and to test individual 
individual bits within the accumulator. A large variety of branch and table look-up instructions enable 
efficient implementation of standard logic functions. Code efficiency is high; over 70% of the 
instructions are single byte; all others are two byte. 

An on-chip 8-bit counter is provided, which can count either machine cycles (+ 32) or external events. 
The counter can be programmed to cause an interrupt to the processor. 

Program and data memories can be expanded using standard devices. Input/output capabilities can be 
expanded using standard devices. 

The family has low power consumption and in addition a power down mode is provided. 

For further detailed information see users manual ‘single-chip 8-bit microcontrollers’. 

Features 


@ 8-bit CPU, ROM, RAM, I/O ina single 40-pin package 

® PCB80C49: 2K x 8 ROM, 128 x 8 RAM 

© Internal counter/timer 

@ Internal oscillator, clock driver 

@ Single-level interrupts: external and counter/timer 

@ 17 internal registers: accumulator, 16 addressable registers 

@ Over 90 instructions: 70% single byte 

@ All instructions: 1 or 2 cycles 

@ Easily expandable memory and 1/O 

@ TTL compatible inputs and outputs 

@ Single 5 V supply 

® Wide frequency operating range 

@ Low current consumption 

@ Available with extended temperature ranges: (PCB version) 0 to+ 70°C 
(PCF version) —40 to + 85 °C 
{PCA version) —40 to + 110 °C 

@ Frequency range: 1 to 15 MHz for all temperature ranges 


APPLICATIONS 


© Peripheral interfaces and controllers 
@ Test and measurement instruments 
@ Sequencers 

@ Audio/video systems 

@ Environmental control systems 

© Modems and data enciphering 


PACKAGE OUTLINES 


PCB/F/A80C39/C49P: 40-lead DIL; plastic (SOT 129). 
PCB/F/A80C39/C49WP: 44-lead PLCC; plastic leaded chip carrier, ‘pocket’ version (SOT187AA); 
‘pedestal’ version (SOT 187). These versions are interchangeable. 
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DEVELOPMENT DATA jer 
Thils lee: sheet contains advance aren and LJ} | iJ) PCB83C552 
specifications are subject to change without notice B JE }} PCB80C552 


FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


GENERAL DESCRIPTION 


The PCB83C552 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and is 
a derivative of the PCB80C51 microcontroller family. The PCB83C552 has the same instruction set as 
the PCB80C51. Two versions of the derivative exist although the generic term “PCB83C552” is used 
to refer to both family members: 


@ PCB83C552: 8 K bytes mask-programmable ROM, 256 bytes RAM 
@ PCB80C552: ROM.-less version of the PCB83C552 


This 1/O intensive device provides architectural enhancements to function as a controller in the field of 
automotive electronics, specifically engine management and gear box control. 


The PCB83C552 contains a non-volatile 8 K x 8 read-only program memory, a volatile 256 x 8 read/write 
data memory, six 8-bit I/O ports, two 16-bit timer/event counters (identical to the timers of the 80C51), 
an additional 16-bit timer coupled to capture and compare latches, a fifteen-source, two-priority-level, 
nested interrupt structure, an 8-input ADC, a dual DAC pulse width modulated interface, two serial 
interfaces (UART and |*C-bus), a ‘watchdog’ timer and on-chip oscillator and timing circuits. For 
systems that require extra capability, the PCB83C552 can be expanded using standard TTL compatible 
memories and logic. 


The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of over 100 instructions: 49 one-byte, 

45 two-byte and 17 three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 us 

and 40% in 2 us. Multiply and divide instructions require 4 ys. 


Features 

@ 80C51 central processing unit @ PCB80C552/83C552 

@ 8 K x 8 ROM, expandable externally to 64 K bytes XTAL frequency range: 1.2 to 12 MHz 

@ 256 x 8 RAM, expandable externally to 64 K bytes temperature range: 0 °C to +70 °C 

@ Two standard 16-bit timer/counters PCF80C552/83C552 

@ An additional 16-bit timer/counter coupled to four XTAL frequency range: 1.2 to 12 MHz 
capture registers and three compare registers temperature range: —40 °C to +85 °C 

@ A 10-bit ADC with 8 multiplexed analogue inputs PCA80C552/83C552 

®@ Two 8-bit resolution, Pulse Width Modulated outputs XTAL frequency range: 1.2 to 12 MHz 

@ Five 8-bit I/O ports plus one 8-bit input port shared temperature range: —40 °C to +125 OC 


with analogue inputs 

@ |?C-bus serial I/O port with byte orientated master 
and slave functions 

@ Full-duplex UART compatible with the standard 
PCB80C51 

@ On-chip watchdog timer 


PACKAGE OUTLINES 


PCA/PCB/PCF/83C552/80C552WP 
68-lead plastic leaded chip carrier (PLCC) ‘pocket’ version (SOT188AA) 
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This data sheet contains advance information and 
specifications are subject to change without notice. 


PCB83C562 
PCB80C562 


FOR DETAILED INFORMATION SEE RELEVANT DATABOOK OR DATASHEET. 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


GENERAL DESCRIPTION 


The PCB83C562 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and is 
a derivative of the PCB80C51 microcontroller family. PCB83C562 has the same instruction set as the 
PCB80C51. Two versions of the derivative exist although the generic term “PCB83C562” is used to 
refer to both family members: 


© PCB83C562: 8 K bytes mask-programmable ROM, 256 bytes RAM 
© PCB80C562: ROM-less version of the PCB83C562 


The PCB83C562 contains a non-volatile 8 K x 8 read-only program memory (not ROM-less version), 

a volatile 256 x 8 read/write data memory, six 8-bit |/O ports, two 16-bit timer/event counters (identical 
to the timers of the PCB80C51), an additional 16-bit timer coupled to capture and compare latches; a 
fourteen source, two-priority-level, nested interrupt structure, an 8-input ADC, a dual DAC with pulse 
width modulated outputs, a UART serial interface, a ‘watchdog’ timer and on-chip oscillator and timing 
circuits. For systems that require extra capability, the PCB83C562 can be expanded using standard TTL 
compatible memories and logic. 


The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of over 100 instructions; 44% one-byte, 41% 
two-byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 ws and 
40% in 2 us. Multiply and divide instructions require 4 ps. 


Features 


PCB80C51 central processing unit 

8 K x 8 ROM, expandable externally to 64 K x 8 bytes 

256 x 8 RAM, expandable externally to 64 K x 8 bytes 

Two standard 16-bit timer/counters 

An additional 16-bit timer/counter coupled to four capture registers and three compare registers 
An ADC with 8 multiplexed analogue inputs and 8-bit resolution 

Two 8-bit resolution, Pulse Width Modulated analogue outputs 

Five 8-bit 1/O ports plus one 8-bit input port shared with analogue inputs 
Full-duplex UART compatible with the standard PCB80C51 

On-chip watchdog timer 

Operating ambient temperature 

range and XTAL frequency range: 

PCB83C562: 0 to + 70 °C; 1.2 MHz — 16 MHz 

PCF83C562: —40 to + 85 °C; 1.2 MHz — 12 MHz 

PCA83C562: —40 to + 125 °C; 1.2 MHz — 12 MHz 


PACKAGE OUTLINE 
PCB/PCF/PCA83C562: 68-lead PLCC; plastic ‘pocket’ version (SOT188AA). 
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PCB83C652 
PCB80C652 


FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


GENERAL DESCRIPTION 


The PCB83C652 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and 

is a derivative of the PCB80C51 microcontroller family. The PCB83C652 has the same instruction set as 
the PCB80C51. Two versions of the derivative exist although the generic term ‘’"PCB83C652” is used 

to refer to both family members: 


© PCB83C652: 8 K bytes mask-programmable ROM, 256 bytes RAM 
e@ PCB80C652: ROM.-less version of the PCB83C652 


This device provides architectural enhancements that make it applicable in a variety of applications 
in general control systems. 


The PCB83C652 contains a non-volatile 8 K x 8 read-only program memory, a volatile 256 x 8 read/write 
data memory, four 8-bit 1/O ports, two 16-bit timer/event counters (identical to the timers of the 80C51), 
a multi-source, two-priority-level, nested interrupt structure, an |7C interface, UART and on-chip 
oscillator and timing circuits. For systems that require extra capability, the PCB83C652 can be 

expanded using standard TTL compatible memories and logic. 


The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of over 100 instructions: 49 one-byte, 

45 two-byte and 17 three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1us 

and 40% in 2 us. Multiply and divide instructions require 4 us. 


Features 


80C51 central processing unit 

8 K x 8 ROM, expandable externally to 64 K bytes 
256 x 8 RAM, expandable externally to 64 K bytes 
Two standard 16-bit timer/counters 

Four 8-bit I/O ports 

\?C-bus serial |/O port with byte orientated master and slave functions 
Full-duplex UART facilities 

Three temperature ranges available 

0 to + 70 °C; PCB83C652 versions 

—40 to + 85 °C; PCF 83C652 versions 

—40 to + 125 °C; PCA83C652 versions 

@ Extended frequency range: 1.2 MHz to 12 MHz 


PACKAGE OUTLINES 


PCA/PCB/PCF83C652P; PCA/PCB/PCF80C652P: 40-lead DIL; plastic (SOT 129). 
PCA/PCB/PCF83C652WP; PCA/PCB/PCF80C652WP: 44-lead plastic leaded-chip-carrier 

(PLCC) (SOT187 pedestal or SOT187AA pocket versions, these are interchangeable). 
PCA/PCB/PCF83C652H; PCA/PCB/PCF80C652H: 44-lead quad flat-pack (QFP). This is in preparation. 
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DEVELOPMENT DATA fas 
This data sheet contains advance information and UJ Us, PCB83C654 
specifications are subject to change without notice ‘Bus, 


FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


GENERAL DESCRIPTION 


The PCB83C654 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and 
is a derivative of the PCB80C51 microcontroller family. The PCB83C654 has the same instruction set as 
the PCB80C51. The ROM-less PCB80C652 should be used for development purposes. 


This device.provides architectural enhancements that make it applicable in a variety of applications 
in general control systems. 


The PCB83C654 contains a non-volatile 16 K x 8 read-only program memory, a volatile 256 x 8 read/write 
data memory, four 8-bit 1/O ports, two 16-bit timer/event counters (identical to the timers of the 80C51), 
a multi-source, two-priority-level, nested interrupt structure, an |?C interface, UART and on-chip 
oscillator and timing circuits. For systems that require extra capability, the PCB83C654 can be 

expanded using standard TTL compatible memories and logic. 


The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of over 100 instructions: 49 one-byte, 

45 two-byte and 17 three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1s 

and 40% in 2 us. Multiply and divide instructions require 4 us. 


Features 


80C51 central processing unit 

16 K x 8 ROM, expandable externally to 64 K bytes 

256 x 8 RAM, expandable externally to 64 K bytes 

Two standard 16-bit timer/counters 

Four 8-bit 1/O ports 

{?C-bus serial 1/O port with byte orientated master and slave functions 
Full-duplex UART facilities 


© A version for extended temperature range is in preparation 


4 


PACKAGE OUTLINES 


PCB83C654P_ : 40-lead DIL; plastic (SOT 129). 

PCB83C654WP: 44-lead plastic leaded chip-carrier (PLCC); (SOT 187 pedestal or SOT187AA pocket 
version depending on source, versions are interchangeable). 

PCB83C654H : 44-lead quad flat-pack; plastic (SOT205A) in preparation. 
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PCB83C851 
PCB80C851 


FOR DETAILED INFORMATION SEE RELEVANT DATABOOK OR DATASHEET. 


SINGLE-CHIP 8-BIT MICROCONTROLLER 


GENERAL DESCRIPTION 


The PCB83C851 single chip microcontroller is 
manufactured in an advanced CMOS process and is a 
derivative of the PCB80C51 microcontroller family. The 
PCBS83C851 has the same instruction set as the PCB80C51. 
Two versions of the derivative exist although the generic 


term *PCB83C851° is used to refer to both family members: 


@ PCB83C85I: 4 K bytes mask-programmable ROM, 128 
bytes RAM, 256 bytes EEPROM 
@ PCB80C851: ROM-less version of the PCB83C851 


This device provides architectural enhancements that make 
it suitable for a variety of applications, specifically control 
systems. 


The PCB83C851 contains a non-volatile 4 K x 8 read-only 
program memory; a volatile 128 x 8 read/write data 
memory; a 256 byte electrically erasable programmable 
read only memory (EEPROM); 32 I/O lines: two 16-bit 
timer/event counters (identical to the timers of the 


PCB80CS1); a seven source, five-vector, t\wo-priority-level, 


nested interrupt structure; a serial I/O port for either mult- 
processor communications, I/O expansion or full duplex 
UART; and on-chip oscillator and timing circuits. For 
systems that require extra capability, the PCB83C851 can 
be expanded using standard TTL compatible memories and 
logic. 


The PCB83C851 has two software selectable modes of 
reduced activity for further power reduction: Idle and 
Power-down. The Idle mode freezes the CPU while 
allowing the RAM, timers, serial port and interrupt system 
to continue functioning. The Power-down mode saves the 
RAM contents but freezes the oscillator causing all other 
chip functions to be inoperative. 


The device also functions as an arithmetic processor having 
facilities for both binary and BCD arithmetic plus bit- 
handling capabilities. The instruction set consists of over 
100 instructions: 49 one-byte, 46 two-byte and 16 three- 
byte. With a 12 MHz crystal, 58% of the instructions are 
executed in | tts and 40% in 2 ws. Multiply and divide 
instructions require 4 ts, 


PACKAGE OUTLINES 


PCB /PCF83C851/80C851P: 40-lead DIL; plastic (SOT 129) 


Features 


PCB80CSI central processing unit 

4K x 8 ROM, expandable externally to 64 K bytes 
128 x 8 RAM, expandable externally to 64 K bytes 
Four 8-bit I/O ports, 32 I/O lines 

Two 16-bit timer/event counters 

Full-duplex serial port 

Boolean processing 

On-chip oscillator 

Seven-source, five-vector interrupt structure with two 
priority levels 

58% of the instructions are executed in | ts; multiply 
and divide in 4 us; all others are executed in 2 us (with a 
12 MHz oscillator) 

Enhanced architecture with non-page-oriented- 
instructions, direct addressing, four 8-byte register 
banks, stack depth up to 128-bytes, multiply, divide, 
subtract and compare instructions 

ROM code protection (mask-programmable) 
Security mode, user dependent protection of the 
EEPROM contents 

Additional interrupt source (EEPROM) ‘ORed’ with 
serial interrupt 


EEPROM: 

Non-yolatile 256 x 8 bit EEPROM (electrically erasable 
programmable read only memory) 

On-chip voltage multiplier for erase/write 

10000 erase/write cycles per byte 

10 years non volatile data retention 

Infinite number of read cycles 


PCB/PCF83C851/80C851 WP: 44-lead PLCC; plastic, leaded-chip-carrier (SOT 187AA) 
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Fig. | Block diagram. 


222 


December 1988 


PCF1303T 


18-ELEMENT BAR GRAPH LCD DRIVER 


GENERAL DESCRIPTION 


The PCF1303T is an 18-element bar graph LCD driver with linear relation to control voltage (Vc) 
when in pointer or thermometer mode. 


PCF 1303T 


27 | Vret max 


MODE 
SELECTOR 


7281228 
Fig. 1 Block diagram. 


PACKAGE OUTLINE 
PCF1303T: 28-lead mini-pack; plastic (S028; SOT 136A). 
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PCF1303T | | 


PIN DESCRIPTION 


name and function 


oscillator pin 


mode select input 


ground (0 V) 


| segment outputs _| 
————— mn 
Qa back-plane output 


4 | 


control voltage 


Vref min reference voltage inputs i 


Vref max 


positive supply voltage 


Vppb 


7281229 


(1) Pins 2 and 3 should be connected to Vss- 
Fig. 2 Pin configuration. 


FUNCTION TABLE 


pointer 


thermometer 


H = HIGH voltage level 
L = LOW voltage level 
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18-element bar graph LCD driver PCF1303T 


FUNCTIONAL DESCRIPTION 


The PCF1303T is an 18-element bar graph LCD driver with linear relation to the control voltage when 
in pointer or thermometer mode. 


The first segment will energize when the control voltage is less than the trigger voltage (VT (bar)2 see 
equation [3] ). 

The circuit has analogue and digital sections. 

The analogue section consists of a comparator with the inverting input coupled to the input control 
voltage. The non-inverting input of the comparator is connected via 17 analogue switches to the nodes 
of an 18-element resistor divider. The extremities of the resistor divider are coupled via high-input 
impedance amplifiers to the maximum reference voltage input and the minimum reference voltage input. 
The control input functions with Schmitt trigger action. 

The digital section has one reference output (QR) to drive the back-plane and 18 outputs (Qy to Q7g) 
to drive the segments. 

The segment outputs incorporate two latches and some gates. 


The circuit is driven by an on-chip oscillator with external resistors and capacitors, The outputs are driven 
at typical 100 Hz. 


LINEARITY 

Vstep = Vstep’ * AVstep {1] 
Vstep’ is the voltage drop (internal) across the resistor-ladder network. 
AV step is the differential on Vstep: 


(Vref max = 4V2‘) — (Vref min * AV2) 
Vstep’ = 18 [2] 


AV2 end AV: are the maximum offset voltage spread of the on-chip voltage followers. 


ABSOLUTE VOLTAGE TRIGGER LEVEL 
The absolute voltage trigger level at the Vc pin is VT(bar)n: 
Vt(bar)n = (Vrefmin * 4V2*) + ( (= )Vstep’ = AVR} * AV1 = VH [3] 
n= number of segments; 2 <n< 18. 
AVR is the voltage deviation at step n of the resistor-ladder network (for n = 2 or 18, AVR = AVetep). 
AV 1 is the offset voltage for the on-chip comparator. 
Vy is the hysteresis voltage: 30% Vetep > VH > 10% Vetep- 


* For AVo the same sign (+ or —) should be used as in equation [2] . 
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RATINGS 


PCF1303T | ce, ee 


Limiting values as in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage 

Voltage on any input 

D.C. current into any input or output 
Storage temperature range 

Operating ambient temperature range 


D.C. CHARACTERISTICS 
Vss =O0V 


parameter 


Quiescent device 
current 


Operating supply 
current 


Input leakage 
current 


HIGH level 
input voltage 
select input 14 


LOW level input 
voltage 
select input 14 


HIGH level 
output voltage 


LOW level 
output voltage 


Output current 
HIGH 


Output current 
LOW 


For notes see page 6. 


Vppb 


—0,5to+15 V 

-0,5 to Vpp + 0,5 V 
max. 10 mA 
—25 to+ 125 °C 
—40 to +85 °C 


unit | notes 
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18-element bar graph LCD driver PCF1303T 


parameter 


Input voltage 


control input V, 


Input voltage 
Vref max input 


Input voltage 
Vref min input 


Vref max — 
Vref min 


<<< 


DC component 
bar output to 
back-plane output 
-— 

| Back-plane 8,2 fgp 
frequency 


Input offset 
voltage 


Step voltage 8,2 
variation 


Input voltage 
slew rate 
Ve input 


For notes see next page. 
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PCF1303T 


Notes to D.C. characteristics 

Vref min = 0.5 V, Vref max = 9.5 V, Ve = Vose = 9 V. 11 at Vss or Vp. 

See Fig. 2. 

Pin under test at Vgg or Vpp.- All other inputs simultaneously at Vss or Vpp. 
19 = 0, all inputs at Vgs or Vpp- 

VoH = Vpp — 0,5 V, all inputs at Vss or Vop- 

VoL = 0,4 V, all inputs at Vss or Vpp- 


tO) (OF PTO Oo 


fgp = 100 Hz, load segment outputs to back-plane output. 
Cy — Cig <0,01 nF, Cgp= Cz + Co+...Cig< 0,05 uF, Ry — Rig 22 M2. 


8. Rose = 0,1 MQ, Cos = 390 pF. 
9. Number of segments 2 or 18. 


For n= 2: 

Vio = Ve — Vref min — (ref max} — 1 ref min! max) = ret Vy 
For n= 18: 

Vio = Ve — Vref max * ae oe =VH 


10. See equation [1]. 
11. Condition applies with clock oscillator such that fgp = 100 Hz. 


Yoo Vret Yret Yeo OR A189 217 Q1g O15 P14 O43 Qy2 2 
max min 


PCF1303T 


TTT) 


7281230 


Fig. 3 Typical application. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice 


PCF21XX 
FAMILY 


LCD DRIVER 


GENERAL DESCRIPTION 


The members of the PCF21XX family are single chip, silicon gate CMOS circuits. A three-line bus 
(CBUS) structure enables serial data transfer with microcontrollers. All inputs are CMOS/NMOS 
compatible. 


Features 


Supply voltage 2,25 to 6,5 V 
Low current consumption 
Serial data input 

CBUS control 

One-point built-in oscillator 
Expansion possibility 
Power-on reset clear 


PCF2100 PCF2110 PCF2111 PCF2112 


@ LCD segments 40 60 64 32 

@ LED segments - 2 - - 

e@ Multiplex rate 2 1:2 1:2 1:1 

@ Word length 22 bit 34 bit 34 bit 34 bit 


PACKAGE OUTLINES 
PCF2100P: 28-lead DIL; plastic (SOT117). 


PCF2110P: 
PCF2111P: 40-lead DIL; plastic (SOT129). 
PCF2112P: 


PCF2100T: 28-lead mini-pack; plastic (S028; SOT 136A). 


PCF2110T: 
PCF2111T: 40-lead mini-pack; plastic (VSO40; SOT 158A). 


PCF2112T: 
| December 1987 229 


ae 40-SEGMENT LCD 


SEGMENT 
ORIVERS 


BACKPLANE & 


LATCHES 
& 
DRIVER 
CONTROL 


OSCILLATOR pF 
& 
DIVIDER 


SHIFT 
72Z83453.2 
Fig. 1 Block diagram; PCF 2100 

PINNING 

Supply 

2 Vpopb positive supply 

4 Vss negative supply 

Inputs 

1 CLB clock burst (CBUS) 

3 OSC oscillator input 

PCF2100 27 DATA data line | caus 

(sOT—117) 28 DLEN data line enable | 
(SOT- 136A) 

Outputs 

5 to 24 $20 to S1 LCD driver outputs 

25 BP2 backplane drivers 

26 BP1 (commons of LCD) 


7297736. 


Fig. 2 Pinning diagram; PCF2100 
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PCF21XX 
FAMILY 


LCD driver 


YLED 


BPI 


tr ae 60-SEGMENT LCD 


) 
BACKPLANE & peo MeN 
ORIVERS 


DLEN LATCHES 
& 
DRIVER 


OSCILLATOR 
& 
DIVIDER 


DATA CONTROL 
Ma 
PCF 2110 
REGISTER 
72Z83449.3 
< 
» Fig. 3 Block diagram; PCF2110 (SOT-129). 
a 
5 
e PINNING (SOT-129) 
a 
5 Supply 
w 11 Vpp positive supply 
a 13 Vss negative supply 
a 
Inputs 
8 DATA data line 
9 DLEN data line enable ; CBUS 
10 CLB clock burst 
12 OSC oscillator input 
PCF 2110 
(SOT-129) Outputs 
1to5 $5 to S1 LCD driver outputs 
6 BP2 } backplane drivers 
7 BP1 (commons of LCD) 
14 $32 ; 
15 S31 LED driver outputs 


16 to 40 S30 to S6 LCD driver outputs 


7ZB3445 4 


Fig. 4 Pinning diagram; PCF2110 
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PINNING (SOT-158A) 


Supply 

2 Vop positive supply 

4 Vss negative supply 

Inputs 

1 CLB clock burst (CBUS) 

3 OSC oscillator input 

33 DATA data line \ 

40 DLEN data line enable { vous 

Outputs 

5 $32 ; 

6 $31 LED driver outputs 

PCF 2110 7 to 36 $30 to $1 LCD driver outputs 

(SOT - 158A) 1 BP2 backplane drivers 

38 BPi (commons of LCD) 


7297733.1 


Fig. 5 Pinning diagram; PCF2110 
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LCD driver 


BPI 


DEVELOPMENT DATA 


PCF 2111 


(SOT —129) 
(SOT - 158A) 


7297731 


Fig. 7 Pinning diagram; PCF2111 
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BACKPLANE & 


sf 64-SEGMENT LCD 


1 
SEGMENT 
DRIVERS 


& 


LATCHES 


ORIVER 
CONTROL 


SHIFT 
REGISTER 


$32 


OSCILLATOR 
& 
DIVIDER 


PCF 2111 


PCF21XX 
FAMILY 


7Z84581.3 


Fig. 6 Block diagram; PCF2111 


PINNING 
Supply 


2 
4 


Inputs 
1 

3 

39 

40 


Outputs 


Vpopb 
Vss 


CLB 
OSC 
DATA 
DLEN 


$32 to S1 
BP1 
BP2 


positive supply 
negative supply 


clock burst (CBUS) 
oscillator input 


data line \ 
data line enable | cas 


LCD driver outputs 
backplane drivers 
(commons of LCD) 
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32-SEGMENT LCD 


|------|s32 


SEGMENT 
DRIVERS 


6P 


BACKPLANE & 


ANALOGUE 
VOLTAGE 


OSCILLATOR 
& 
DIVIDER 


LATCHES 
& 
DRIVER 
CONTROL 


SHIFT 
REGISTER 


PCF 2112 


7Z86381.3 
Fig. 8 Block diagram; PCF2112 
cre [1 | | 40] OLEN 
Yoo [71 nee PINNING 
Suppl 
osc [3 | | 38] sp PRY - 
2 Vppb positive supply 
Vss [4 | nc. 4 Vss negative supply 
2 s1 
sate 36] Inputs 
sai [6] 35] s2 1 CLB clock burst (CBUS) 
s30 [7 | Eg 3 OSC oscillator input 
39 DATA data line 
BU 
s23 [a | [33] s4 40 DLEN data line enable | ie 
s28[9 | 132] S5 
Outputs 
S6 
s7 bo) pale = 5 to 36 $32 to $1 LCD driver outputs 
$26 [11] (sor-—158a) [30] S7 38 BP backplane driver (common 
of LCD) 
s261i2) alse 37 nc. not connected 


7297732 


Fig. 9 Pinning diagram; PCF2112 
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LCD driver 


FUNCTIONAL DESCRIPTION 
An LCD segment or LED output is activated when the corresponding DATA-bit is HIGH. 


PCF2100 


When DATA-bit 21 is HIGH, the A-latches (BP1) are loaded. With DATA-bit 21 LOW, the B-latches 


(BP2) are loaded. CLB-pulse 23 transfers data from the shift register to the selected latches. 


PCF2110 


When DATA-bit 33 is HIGH, the A-latches (BP1) are loaded. Bits 31 and 32 contain the LED output 
information. With DATA-bit 33 LOW, the B-latches (BP2) are loaded and bits 31 and 32 are ignored. 


CLB-pulse 35 transfers data from the shift register to the selected latches. 


PCF2111 


When DATA-bit 33 is HIGH, the A-latches (BP1) are loaded. With DATA-bit 33 LOW, the B-latches 


(BP2) are loaded. CLB-pulse 35 transfers data from the shift register to the selected latches. 


PCF2112 


When DATA-bit 33 is HIGH, the latches are loaded. CLB-pulse 35 transfers data from the shift 
register to the selected latches. 


¢ 
= 
<x 
(a) — 
= oLen | | J 
2 
a 
= 
S cB 1 
Tr, SELA[L 2 Sigg A ease 7. is 32.33 34 3 — 2110. 2111, 2112 
a test leading zero ee load pulse 2100 
a DATA 2 Z 
bit no. 0 1 2 3 4 5 6 7 31 32 33 
output $1 S2 S3 S4 S5 S6 5S? $31 $32 } se FANG. 2101 2112 
— QanGird G B16 v7 19 20 {21 } st60 
$1 S2-»S3»S4) “S68 1S6 S7 $19 $20 
leading zero toad bit 7297738.3 


Fig. 10 CBUS data format. 


PCF 2110 


7283447.2 


Fig. 11 LED driver circuitry. 
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235 


The following tests are carried out by the bus control logic: 

a. Test on leading zero. 

b. Test on number of DATA-bits. 

c. Test of disturbed DLEN and DATA signals during transmission. 


If one of the test conditions is not fulfilled, no action follows the load condition (load pulse with 
DLEN LOW) and the driver is ready to receive new data. 


OFF/OFF ON/OFF OFF/ON ON/ON 


Yoo 

Yop + Vgg)/2 
Vss 

Yoo 

(Vpp * Vgg)/2 
Yss 

Yoo 

Yss 

Yop - Vgs) 
(Vpp — Vgg)/2 
1) 

~ (Vpp — Vgg)/2 
— (Von — Vgs) 
pp ~Vss) 
(Vpp-Ysgi/2 

0 

~ (Vpp — Vgg)/2 
- op - Ygs) 


—! fico l= 72977391 


Fig. 12 Timing diagram (except PCF2112). 


Fig. 13 Timing diagram for PCF2112. 
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LCD driver PCF21XX 


FAMILY 


BUS DRIVER PCF21XX 


72834489 


Fig. 14 Input circuitry. 


Note to Fig. 14 
Vgs line is common. In systems where it is expected that Vpp2 >Vpp1+0,5V,a resistor should be 
inserted to reduce the current flowing through the input protection. Maximum input current <40 pA. 


< 
e 
< 
a 
— 
2 
= 
a. BP1BP2 $1 to S32 BP1BP2 $1 to S32 BP1BP2 $1 to $32 
g Yoo 
3 DLEN DLEN DLEN 
osc SC 
ray cia pcr2i11 O° CLB) PCF2111 cis pcr2in1 


DATA 


DATA 


SLAVE 2 


MASTER Vss 


7297735. 


(1) In the slave mode, the serial resistors between 3P1 and BP2 of the PCF2111 and the backplane 
of the LCD must be > 2,7 kQ2. In most applications the resistance of the interconnection to 
the LCD already has a higher value. 


Fig. 15 Diagram showing expansion possibility (using PCF2111). 


Note to Fig. 15 


By connecting OSC to Vssg the BP-pins become inputs and generate signals synchronized to the single 
oscillator frequency, thus allowing expansion of several members of the PCF21XX family up to the BP 
drive capability of the master. The PCF2112 can only function as a master for other PCF2112s. 
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PCF21xx 
FAMILY 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Parameter 


Supply voltage range 
| Input voltage range 
|  DLEN, CLB, DATA and OSC vy Vgs—0,5 
Output voltage range 
BP1, BP2 and S1 to S32 Vo Vss—0,5 Vppt 0,5 | V 
Supply current tlpp, z!ss = 50 mA 
DC input current +l; ~ 20 mA 
DC output current tlo - 25 mA 
Total power dissipation 
per package Prot - 500 mW 
Power dissipation per output Po 
Storage temperature range Tstg 


Note to the ratings 
1. Derate by 7,7 mW/°C when Tamb > 60 °C. 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is advised to take handling precautions appropriate to handling MOS devices (see 
‘Handling MOS devices’). 
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LCD driver PCF21XX 


FAMILY 


DC CHARACTERISTICS 


Vss = 0 V: Vpp = 2,25 to 6,5 V; Tamb = —40 to + 85 OC; Ra = 1 M2; Cc = 680 pF; unless otherwise 
specified 


parameter 


Supply voltage ‘ 
Supply current 


Supply current note 1; Tamb = 


—25 to + 85 OC 
note 2 


Power-on reset level 


Inputs CLB, DATA 
DLEN 


Input voltage 
LOW 
HIGH 


Leakage current 


Vi=Vss or Vpp 


Input capacitance note 3 


Input OSC 


Oscillator start-up 
current 


LCD outputs 


DC component of 
backplane drivers 


DEVELOPMENT DATA 


Backplane driver 
Output impedance 


note 4; Vpp = 5 V Rep 
Segment driver 
output impedance 


note 4; Vpp =5V Rs 


LED outputs 
(S31 and S32 in 
PCF2110) 

Output current LOW 


Output leakage 
current 


VoL=0,4V;Vpp=5V 


Vo= Vpop 


Load current 
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AC CHARACTERISTICS (note 5) 
Veemeonys Vp = 2.25 to 65 V; Tamp = ~40 to + 85 °C; Ro = 1 MQ; Co = 680 pF; unless otherwise 


specified 


Parameter 


Inputs CLB, DATA 
DLEN 


Data set-up time 

Data hold time 

Leading zero set-up time 
Enable set-up time 

| Disable set-up time 

Load pulse set-up time 
Busy time 

CLB HIGH time 

CLB LOW time 

CLB period 

Rise and fall times 


| LCD timing 
| LCD frame frequency 


LCD frame 
frequency for 
PCF2112 


Transfer time with 
test loads 


Driver delay with 


test loads 


Co = 1,5 nF 


Vpp=5V 


Vpp =5V 


conditions symbol 


min. typ. max unit 
a 
| | 
| 
| tSUDA 3 |= = us 
tHDDA 3 = a us 
'SULZ 3 = = us 
| tSUEN 1 is = us 
| tsuDI 2 [= = us 
'SULD 2,5 ea = Bs 
| tgusY 3 | yi = us 
| ‘WH 1 |= ~ us 
| WL | 5 - - us 
tcLB 10 - - us 
tr, - - 10 us 
| 
| fLepb 60 75 100 | Hz 
| flep 30 35 50 Hz 
! 
| tas - 20 100 us 
tPLCD = 20 100 US 
Wed nia | ss 
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LCD driver 


Notes to the characteristics 

1. Outputs open; CBUS inactive. 

2. Resets all logic, when Vpp < Vpor. 

3. Periodically sampled (not 100% tested). 

4. Outputs measured one at a time. 

5. All timing values are referred to Vj} and V|{\_ levels with an input voltage swing of Vss to Vpp. 


BP (PCF 2112), BPI, BP2 —D——_- 


ie 
'Loap * 254A 


S1 to $32 ——[}--—— 


——__- 
'Loap = 154A 


15 «Q 
$31, $32 


v 
(PCF 2110 only) pp 


(2%) 
72977371 


Fig. 16 Test loads. 


DEVELOPMENT DATA 
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LCD driver 


7Z82809.2 


‘Leb 
(Hz) 


Vop (Vv) 


Fig. 18 Displays frequency as a function 
of supply voltage; Co = 680 pF (except 


PCF2112). 

< Tamb = —40 °C; 
E ———— Tamb=+ 25°C; 
a —.—.— Tamb = + 85 OC. 
J 
2 
Ww 
= 7282808.2 
a Med = Sas 

se SS ec 
— rt 
Ww 
Fe ‘Lop 
a (Hz) 

100 


Co (nF) 


Fig. 20 Display frequency as a function 

of Ro and Co; Tamb = + 25 °C; Vpp = 5 V. 
Ro =1MQ; 

—-—-—— RoQ=100k2. 


PCF21XX 
FAMILY 


7Z86696.1 


Vop(v) 


Fig. 19 Display frequency as a function 
of supply voltage; Co = 1,5 nF (except 
PCF2112). 

Tamb = —40 °C; 

—-—-—-— Tamb = + 25 °C; 

—.—.— Tamb =+ 85 °C. 


7Z82810.2 


Vpop (V) 


Fig. 21 Supply current as a function 
of supply voltage. 

Tamb = —40 °C; 

——-—— Tamb = + 25 °C; 
—.—.— Tamb = + 85 °C. 
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Vop (Vv) 
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Fig. 22 Output resistance of backplane 
and segments. 

Tamb = —40 °C; 

—-—-—-— Tamb =+ 25 °C; 

—.-—.-— Tamb = + 85 °C. 
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7286698.1 


6 8 
Vop (V) 


Fig. 23 Output current as a function 
of supply voltage (only PCF2112). 
Tamb = 40°C; 

—--— Tamb = + 25 °C; 
—.—.— Tamb = + 85 OC. 


DEVELOPMENT DATA 
This data sheet contains advance information and PCF2 201 


specifications are subject to change without notice. 


LCD FLAT-PANEL ROW/COLUMN DRIVER 


GENERAL DESCRIPTION 


The PCF2201 is a row or column LCD driver, designed to drive LCD flat-panels at multiplex rates 

ofup to 1: 256. The PCF2201 converts serial or parallel 4-bit display data into parallel LCD drive wave- 
forms, capable of driving up to 81 rows or 80 columns of an LCD matrix. The PCF2201 is cascadable, 
enabling it to drive any LCD flat-panel matrix. The PCF2201 is controlled by an alphanumeric/graphic 
controller. 


Features 


Row or column drive capability 

80 data latches 

81 stage bidirectional shift register 

81 LCD drive outputs 

Proprietary margin control drive output 

Low drive impedance 

LCD drive voltage of up to 25 V 

5 V logic compatibility 

High speed operation (4 MHz) 

Multiplex rates of up to 1 : 256 

Externally adjusted bias voltages 

Maximum LCD voltage and Vpp may be separated 
64/65 pin programmable output operation mode 

Low power consumption 

Overall flat-panel power consumption minimized 

Pin programmable right/left orientation for convenience of flat-panel construction 
Optimized pinning for single plane wiring 

Space-saving 120-lead Tape-Automated Bonding package 
Manufactured in silicon gate CMOS process 


PACKAGE OUTLINE 
PCF2201V: 120-lead Tape-Automated Bonding (TAB) module (SOT235) 
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PCF2201 


Y1 to Y80 F/Y81 


vi 

v2iv3 4-LEVEL 

V4/V5 DRIVER 
VEE 


LEVEL 
SHIFTER 
M 


8&1 STAGE BIDIRECTIONAL 
AL/EL SHIFT REGISTER 


COLUMN MODE DATA PRESENTATION 
LATCH {x 80) 


UP/DOWN COUNTER, CARRY LOGIC 
AND CONTROL 


= 7281313.) 
SHL COL/ P/S_ LNG 
ROW 


Fig. 1 Block diagram. 
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LCD flat-panel row/column driver 


bus level lines 


-— Vsg 
_———) FON 
cum { E 
-— Vop 
110: ne 
————3CL1 
—— 1M 
VA 
omnes ff Y ~ 
105 [——— v2/v3 


PCF2201 


DEVELOPMENT DATA 


P/S = 
el 
coL/ROow C— 10 
(oe 
0) oe 
C0 oh ee 
== 
Ys (=) 
‘SS 
== 26 
Yo << 
YS 
6° SS) 
¥o. 
Y10 ———"J 30 
Qh oo 
x12 
¥i3 
20% =e 
15 7/35 
¥i6 


=e ee 
Pusilevel ines Fig. 2 Pinning diagram. 


) mark orientation 


PCF 2201 


7Z81314.2 
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PCF2201 


PINNING FUNCTIONS 


P| Positive supply voltage (5 V) 

Logic ground (0 V) 

Most positive LCD supply voltage (< Vpp), selection level 
Upper non-selection level for row (V2) or column (V3) driver 


ValV5 Lower non-selection level for row (V5) or column (V4) driver 
VEE Most negative LCD supply voltage (—20 V), selection level 
Y1to Y80|O | Liquid crystal driver outputs 

CL1 | | Clock for 81 stage bidirectional shift register 


Loads parallel data from the data presentation latch and frame control in 
column driver mode 


Shifts data in row driver mode 


Negative edge triggered 


Data transfer clock in column driver modes 


Data must be valid on the negative edge of CL2 
Unused in row driver mode (may be left open) 


—— 
Column/row driver mode select 
Parallel/serial mode select for column drivers | 
Tie to Vg in row driver mode 

— . | 


| Shift direction select 


| 
l 


| DOto D3 || Data inputs in column driver modes 


Unused in row driver mode (may be left open) 


(may be left |(may be left 


L E 
ts H 
open) 
EUYARYS NSF Y2,Y6.Y 1O,\V3eY.7,. Ya1,. 
H | Y80, Y76,... | ¥79, Y75,.... |¥78, Y74..... 
Also in the serial column driver mode, a multiple of 4 data bits must always be 
transferred. Add dummy bits if necessary 


Filling order: 


Y1,¥2, X3;. 
Y80, Y79.... 


unused unused 


(may be left 
open) 


Y4, Y8, Y 12... 
Y77, Y73 000+: 
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LCD flat-panel row/column driver PCF2201 


mnemonic |1/O} function 


RL/EL 1/O| Left/right serial input/outputs in row driver mode, left/right enable input/outputs 


RR/ER in column driver modes 
RR/ER | comments 
oO shift direction: 
RL/EL —> RR/ER (Y1 —> F/Y81) 
| shift direction: 
RR/ER—> RL/EL (F/Y81—>Y1) 
oO 


RR/ER goes LOW 80 CL2 pulses 
after RL/EL 


RL/EL goes LOW 80 CL2 pulses 
after RR/ER 


RR/ER goes LOW 20 CL2 pulses 
after RL/EL 


RL/EL goes LOW 20 CL2 pulses 
after RR/ER 


RL/EL 


COL/ROW | P/S | SHL 


In the serial column mode, the device accepts one bit of display data at each CL2 
pulse after RL/EL (or RR/ER respectively) goes LOW 

When 80 bits of display data have been accepted, the device accepts no further 
display data and takes its output RR/ER (or RL/EL respectively) LOW, thereby 
enabling the next PCF2201 to accept display data 

The sequence is reset when CL1 is HIGH and CL2 is LOW 


In the parallel column mode, the device accepts one nibble of display data at each 
CL2 pulse after RL/EL (or RR/ER respectively) goes LOW 

When 20 nibbles of display data have been accepted, the device accepts no further 
display data and takes its output RR/ER (or RL/EL respectively) LOW, thereby 
enabling the next PCF2201 to accept display data 

The sequence is reset when CL1 is HIGH and CL2 is LOW 


DEVELOPMENT DATA 


LNG Length control 


COL/ROW [LNG|SHL | description undefined Yi 
L L | 65-bit row mode] Y1...Y65 Y66...Y80, F/Y81 
L H_ | operation Y17...Y80, F/Y81 | Y1...Y16 
H L |81-bit row mode} Y1...Y80, F/Y81 
H H_ | operation Y1...¥80, F/Y81 


L L |64-bitcolumn |Y1...Y64 Y65...Y80 
L H_ |mode operation | Y17...Y80 V1.¥ 16 
H L |80-bitcolumn |Y1...Y80 

H H_ |mode operation | Y1...Y80 


In 80/81-bit operation, the device behaves as previously described 

In 64/65-bit operation, the device behaves as if all resources have been reduced to 
64/65 instances; i.e. 16 outputs (determined by SHL) can no longer be accessed 
and should be left open circuit. 
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PINNING FUNCTIONS (continued) 


F/Y81* Frame output in column driver mode 
It continuously delivers the select or non-select column driver LCD voltages 
depending on the state of the frame control 
The frame output is used to blank the flat-panel display margin outside the 
actual LCD matrix 
Liquid crystal driver output, number 81 in row driver mode ss 
FON | 


Frame control 

Defines the contents of the shift register cell corresponding to F/Y81 in column 
driver mode 

Tie to Vpp or Vg in row driver mode 


M Signal to convert LCD drive waveform into a.c.: 


COL/ROW SR data M output level (Yj; or F/Y81) note 


L L L: V2/V3 

le L H Va/V5 ‘ 

L H L Ted row driver 

L H H vy 

H \f L 

H Lis H 

H H L column driver 
H H H 


* Patent application pending. 
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LCD flat-panel row/column driver PCF2201 


FUNCTIONAL DESCRIPTION 
4-level driver 


One of the liquid crystal driver levels (V1, V2/V3, Vq/Vs and Ve_) is output onto lines Y1 to Y80 
and F/Y81 depending on the state of the relevant level shifter. 


Level shifter 


The level shifter converts logic level driver information into LCD level selection signals. The LCD level 
selection signals are dependent on the contents of the 81 stage bidirectional shift register and the state 
of signals M and COL/ROW. 


81 stage bidirectional shift register 


In row driver mode the bidirectional shift register is used for the row line scan. In column driver mode 
the bidirectional shift register is used to hold column data until the next line is assembled in the data 
presentation latch. 


Column mode data presentation latch 


The column mode data presentation latch provides temporary storage during transfer of column data 
required for the next row. 


The selector generates latch clocks $1 to 20 for the presentation latch. Selection is determined by the 
state of the up/down counter and the carry logic. 


ss Data scrambler 

< in serial column data transfer, the data scrambler converts 1-bit data to parallel 4-bit nibbles. Data is 
a . . . . - 

- rearranged by the data scrambler according to the orientation (left or right) of the chip, as defined 
3 by pin SHL. 

= 

a 

© _— Selector 

=I 

w 

> 

iu 

a 


Up/down counter, carry logic and control 


Incoming column data storage locations are determined by the up/down counter making use of enable 
lines (RL/EL, RR/ER) and the length control select (LNG). The carry logic inhibits the data transfer 
clock (CL2) in inactive column drivers, thereby reducing power dissipation. When data transfer to one 
column driver is completed, the subsequent column driver is enabled by the carry logic. The control 
part co-ordinates the up/down counter and carry logic, depending upon the condition of the device 
(SHL, COL/ROW, P/S, LNG, RL/EL and RR/ER). 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vpp Vsg -0,3toVgg+7  V 

LCD supply voltage range VEE Vpp —30 to Vpp Mv 
Vop+ VEE 

V4, V2/V3 voltage range (note 1) Vu a —1toVpp V 

Vop* VEE 

V4/V5 voltage range (note 1) VL Veg to a Se 1V 

Input voltage range 

(CL1, CL2, COL/ROW, P/S, 

SHL, DO, D1, D2, D3, 

RL/EL, RR/ER, LNG, FON, M) Vy Vgg —0,3 to Vpp + 0,3 V 
Output voltage range 

(RL/EL, RR/ER) Vo Vsg -0,3 to Vpp + 0,3 V 
Driver output voltage range 

(F/Y81, Y1 to Y80) Vy Veg —0,3 to Vpp + 0,3 V 
DC input current +1; max. 20 mA 
DC output current +lo max. 25 mA 
Vop. Vss, V1, V2/V3, 

Va/Vs5 or Veg current + Isup max. 20 mA 
Power dissipation per package Prot max. 400 mW 
Power dissipation per output Po max. 100 mW 
Storage temperature range Tstg —65 to+ 150 °C 
HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘Handling MOS 
Devices’). 
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LCD flat-panel row/column driver PCF2201 


DC CHARACTERISTICS 
Vss = 0 V; Vpp = 4.5 to 5,5 V; 


Vop + V 
VEE =0 to -20V: Vpp > V1 > V2/Vg>2—o —~1V >Va4/V5 > Vee: fm = 100 Hz 


Tamb = —40 to + 85 °C; unless otherwise specified. 


parameter conditions symbol | min. 


Positive supply 


voltage Vop 4,5 
Negative LCD supply 
voltage VEE Vpp-25 
Static supply current | fo. 4= feL2 
= 0 Hz;COL/ROW 
=H;M=L; 
note 2 Ipp1 - 
Operating supply COL/ROW =H; 
<x current foi1 = 25 kHz; 
E foL2 = 4 MHz; 
a note 2 Ipp2 — 
= 
2 Operating supply COL/ROW =H; | 
S current RL/EL=H | 
ro} (SHL = L) or 
aT RR/ER =H 
2 (SHL = H); 
(a) foi = 25 kHz; 
note 2 Ipp3 - 
Operating supply COL/ROW = L; 
current foL1 = 100 kHz; 
note 2 Ipp4 - 
Logic 
Input voltage 
LOW 
HIGH 


Output voltage LOW 
to RL/EL and 
RR/ER 


Output voltage HIGH 
to RL/EL and 
RR/ER 


Output current LOW 
to RL/EL and 
RR/ER 
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DC CHARACTERISTICS (continued) 


Output current HIGH 
RL/EL and 
RR/ER 


Leakage current at 
CL1, CL2, COL/ROW, 
P/S, SHL, DO to D3, 
RL/EL, RR/ER, 
LNG, FON and M 


Input capacitance 


1 mA 


Cc; ~ — 7 pF 


LCD outputs 


Leakage current at 
V1, V2/V3, Va/V5 
Resistance ON between 
V1, V2/V3, V4/Vs5, 
VEE and Y1 to Y80, 
F/Y81 


Ig = 100 pA; 
Vege = Vpp-25 V 
note 4 


AC CHARACTERISTICS (note 5) 
Vss = 0 V; Vop = 4,5 to 5,5 V; 


VpptV 
Vee=0t0~20,Vi Vpp V1 > Volvg> oo 


2 
fy = 100 Hz; see Figs 4 and 5; Tamb = —40 to + 85 °C; unless otherwise specified. 


—1V2Va4/V52 VEE; 


unit | 


Column driver 
data transfer rate 


CL2 HIGH time 
CL2 LOW time 
CL2 rise time 
CL2 fall time 
Row driver clock rate 
CL1 HIGH time 
CL1 LOW time 
CL1 rise time 

CL1 fall time 


MHz 


ns 


ns 


ns 
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AC CHARACTERISTICS (continued) 


parameter conditions symbol ; f i 
Column data set-up time COL/ROW = H tsuc 
Column data hold time COL/ROW = H tHDC 30 = 
Row data set-up time COL/ROW = L tsuR | 200 - 
Row data hold time COL/ROW = L tHDR 0 - 
Enable HIGH 
to CL2 set-up time COL/ROW = H tECH 90 - 
Enable LOW 
to CL2 set-up time COL/ROW = H tecL 85 = 
Propagation delay 
to enable HIGH | COL/ROW =H tpEH = ee 
Propagation delay 
to enable LOW COL/ROW =H tpEL A 3 a 
—_ | 
CL2 to CL1 time COL/ROW=H | tcz21 50 a 
Z CL1 to CL2 time COL/ROW =H tcL12 50 = 
E Overlap time of 
a CL2 = LOW and | 
5 CL1 = HIGH COL/ROW = H td 2754 Il j= 
= Propagation delay HIGH 
S to RL/EL, RR/ER COL/ROW =L tPLH 20 
a Propagation delay LOW 
> to RL/EL, RR/ER COL/ROW = L PHL 
a Propagation delay VeeE=Vpp 


to Y1...Y80, F/Y81 -20V tpy 


Notes to characteristics 

1. Maintain Vpp > V1 > V2/V3 ae —1V>V4/V5 > Vee. 

2. Outputs open, inputs at Vgs or Vpp. 

3. Periodically sampled, not 100% tested. 

4. Outputs measured one at a time. 

5. All timing values referred to Vj}, and Vy__ levels with an input voltage swing of Vss to Vpp- 


3,6 kn ——> !LOAD=100 pA 


0.5 Yop 
(2 %) Y1.....Y80,F/¥81 


RL/EL (SHL =H) 7281315 
RR/ER (SHL=L) 


Fig. 3 Test loads. 
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APPLICATION INFORMATION 

Generation of LCD bias levels 

Optimum contrast for LCD flat-panels is achieved when the bias levels are selected using the formulae 
in Table 1. The multiplex rate is denoted by the variable n (n > 9). Vp is defined as the LCD threshold 
voltage, typically where the LCD exhibits approximately 10% contrast. The ratio of the ‘ON’ voltage to 
the ‘OFF’ voltage is discrimination (D) and is a measure of the flat-panel contrast at a given multi- 

plex rate, 


Table 1 LCD flat-panel bias levels for optimum contrast (Vop = V1 — Vee) 


Voff(rms) 
Vop 


Von(rms) 
Voff(rms) 


Auaust 1987 in, a, 
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LCD flat-panel row/column driver PCF2201 


The intermediate bias levels are generated by a resistive divider (see Fig. 6). Capacitors (C) are used to 
smooth out switching transients. Considerable power consumption may result by using this arrangement 
when driving a large LCD flat-panel, because of the low impedance of the resistive divider. 


to other column 
driver PCF2201s 


7Z81318.2 


to other row 
driver PCF2201s Yss 


Fig. 6 Unbuffered LCD biasing level generation. 
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A better solution for LCD flat-panel biasing is presented in Fig. 7. The operational amplifiers provide 
low impedance biasing with a low power consumption. The fairly high impedance which can be 
implemented at the resistive divider, helps maintain low power consumption. One diode voltage drop 
seperates V1 from Vpp to compensate for the limited common mode voltage range (V+ —1,5 V) when 
the operational amplifiers are powered between Vpp and Veg. 


Yop 


to other column 
driver PCF2201s 


COL/ROW 
Yss 


72813191 
(Vn-3)R 


to other row Vv. 
driver PCF2201s 


Fig. 7 Buffered LCD bias level generation. 


Typical LCD flat-panel application 


Alphanumeric/graphic computer terminals with LCD flat-panel screens using 200 x 640 dots are very 
popular. The format of 200 x 640 is compatible with the standard 25 lines by 80 characters at 

8 x 8 dot character fonts. Fig. 8 gives a possible circuit using 19 PCF 2201's, with upper and lower half 
screens used for good contrast. The use of half screens reduces the multiplex rate to 1:100 (Fig. 9 gives 
the timing information). 
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Margin control 


The used area of the flat-panel matrix is normally smaller than the LCD glass surface. Connection lines 
outside of the used area of the matrix carry row or column LCD signals (see Fig. 10A). This ‘null’ state 
differs slightly in colour from the ‘OFF’ state pixel for twisted nematic LCD. The structural change 

in the margin zone is noticeable. 


When a high contrast Philips LCD flat-panel of the supertwisted birefringence effect (SBE) type is 
employed, the situation becomes critital. The colour of the ‘OFF’ state appears blue and the colour 

of the ‘ON’ state appears grey or white. Therefore inverted information is sent to the display, generating 
dark (blue) characters on a light (grey) background. The margin zone is treated as an extension of the 
used matrix area (see Fig. 10B), to avoid the margin zone appearing as a dark blue frame. This is 
extended out to a region where the LCD glass can be covered up. The additional row requires an 
increase in the multiplex rate from n to n + 1, the additional column is realized by the frame output 

of the furthest left and right column drivers of the flat-panel. This removes the requirement for 
additional column drivers packages to provide margin control. 


a“ 


S 
8 
a 


COL! 
COL2 
CcOL3 
col 4 
cou. 


margin 
zone 


ROW 1 


ROW 2 


ROWS 
Nee ee ay 
Outside margin used matrix area outside margin used matrix area 
cover zone cover zone 
(a) (b) 72813201 
(A) without margin control (B) with margin control 


Fig. 10 Upper left corner of the LCD flat-panel. 


Single plane wiring 
The pinning of the PCF2201 tape-automated bonding package has been selected for ease of wiring. One 


side of this package contains no pins. The adjacent logic level lines are arranged so that they can be 
bussed in a single plane on the printed circuit board, which allows single sided substrates to be used. 


For ease of wiring layout it is suggested to use the bus-leve! numbers (see Fig. 2) since most supply 
lines can be run through at the same level. On the actual package there are 120 pins, of which 19 pins 
are not internally connected. These extra pins are due to single plane wiring gaps and enhance stability 
in surface mounting. 
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS 


O } RL/Ev 


O | 00 


O | coL/row 
DO les 


O | inc 
DO} RA/er 
O | Yss 
O | Fon 
O | sHt 
0 | Yoo 


Ojo1 
O |02 
O]03 
oO }cu1 
Ojm 
olv 


Qa F/Y8) 
yr /O Y80 
y2;0 Y79 
y¥3/0 Yy78 
y¥io0 Y7? 
y5/0 Y76 
ye}oO Y75 
wo Y74 
ye /O Y73 
ys }O Y72 
yio) O Y71 
yujo Y70 
yi210 Y69 
yi31 Oo Y68 
yisio Y67 

668mm Y'5|0 Y66 
yis} O Y65 
ywio Y64 
yis} O Y63 
yi9iD Y62 
y2o10 Y61 
yajO Y60 
Y22;0 Y59 
y23)0 Y58 
yao Y57 
Yy25)0 Y56 
y26)0 

Oo 

oO 

oO 

Oo 


7296970 


Chip area: 25,65 mm? 
Bonding pad dimensions: 104 um x 104 um 


Fig. 11 Bonding pad locations. 
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Table 2 Bonding pad centre locations (dimensions in ym) 


All x/y co-ordinates are referenced to the bottom left corner, see Fig. 11. 


pad x Y¥ [| p20 
D3 1556 6526 Y43 
D2 1372 6526 Y44 
D1 1188 6526 Y45 
DO 1004 6526 Y46 
RL/EL 820 6526 47 
P/S 636 6526 Y48 
LNG 452 6526 Y49 
COL/ROW 268 6526 Y50 
CL2 156 5982 Y51 
Y1 156 5806 Y52 
Y2 156 5630 Y53 
Y3 156 5454 Y54 
Y4 156 5278 | Y55 
Y5 156 5102 Y56 
Y6 156 4926 | Y57 
Y7 156 4750 | Y58 
Y8 156 4574 Y59 
Y9 156 4398 Y60 
Y10 156 4222 Y61 
Y11 156 4046 Y62 
Y12 156 3870 Y63 
Y13 156 3694 Y64 
Y14 156 3518 Y65 
Y15 156 3342 Y66 
Y16 156 3166 Y67 
Y17 156 2990 || Y68 
Y18 156 2814 Y69 
Y19 156 2638 Y70 
Y20 156 2462 Y71 
Y21 156 2286 Y72 
Y22 156 2110 Y73 
Y23 156 1934 | 74 
Y24 156 1758 | Y75 
Y25 156 1582 Y76 
Y26 156 1406 bE ¥77 
Y27 156 1230 Y78 
Y28 156 1054 Y79 
Y29 156 878 Y80 
Y30 156 702 F/Y81 
Y31 252 154 VEE 
Y32 428 154 ValV5 
33 604 154 V2/V3 
Y34 780 154 v1 
Y35 956 154 M 
Y36 1132 CL1 
Y37 1308 Vpp 
Y38 1484 SHL 
Y39 1660 FON 
Y40 1836 Vss 
Y41 RR/ER 
Y42 


PCF2201 
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This data sheet contains advance information and 


PCF8200 


specifications are subject to change without notice 


VOICE SYNTHESIZER 


GENERAL DESCRIPTION 


The PCF8200 is a CMOS integrated circuit for generating good quality speech from digital code with 

a programmable bit rate, The circuit is primarily intended for applications in microprocessor controlled 
systems, where the speech code is stored separately. 

Applications include automotive, telephony, personal computers, annunciators, aids for the handicapped, 
and general industrial devices. 


Features 

© Male and female speech with good quality 

© Speech-band from 0 to 5 kHz 

© Bit-rate between 455 bits/second and 4545 bits/second 

© Programmable frame duration 

@ Programmable speaking speed 

© CMOS technology 

© Operating temperature range —40 to + 85 °C 

® Single 5 V supply with low power consumption and power-down stand-by mode 

© Interfaces easily with most popular microcomputers and microprocessors through 8 bit parallel 


bus or I?C bus 

Software readable status word (parallel bus or I7C bus) 
@ BUSY-signal and REQ-signal hardware readable 

© Internal low-pass filter and 11-bit D/A converter 


QUICK REFERENCE DATA 


parameter symbol min. typ. max. unit 
Supply voltage Vppb - Vv 
Supply current Ipp - 12 # mA 
Supply current (stand-by) IDD(SB) - 1 = HA 
Inputs 

Input voltage ViH 2,0 - Vppb Vv 
Input voltage VIL 0 - 0,8 Vv 
Input capacitance Cc) = 7 - pF 


Outputs (D5 to D7) 


Output voltage high VOH 3,5 - Vppb Vv 
Output voltage low VoL 0 = 0,4 Vv 
Load capacitance CL = - 80 pF 
Operating ambient 

temperature range Tamb —40 = + 85 °C 


# Value not yet available. 
PACKAGE OUTLINE 
24-lead DIL; plastic (SOT101A). 
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Voice synthesizer 


PCF8200 


PINNING 


DEVELOPMENT DATA 
O©MONOAARWHN = 


24 


VDD-A 
VREF 
OUT 
Vss-A 
n.c. 
TEST 
OscI 
Osco 
SER/PAR 


SDA/D7 


SCL/D6 


PCF8200 


Fig. 2 Pinning diagram. 


7297577 
positive supply voltage for DAC output stage 
DAC reference voltage input 
speech output 
negative supply voltage for DAC stage 
not connected 
for normal operation this pin must be grounded (Vgs) 
oscillator input 
oscillator output 


for parallel data bus operation this pin is hard-wired to Vpp, or to Vsg to 
enable the |?C bus 


status bit indicating request for data 
status indicating synthesizer busy 
negative supply voltage for digital circuits 
chip-enable input 

read/write control input 

write input 


|?C bus serial data input/output (serial mode) 
or parallel data input/output D7 (parallel mode) 


1?C bus serial clock input/output (serial mode) 
or parallel data input/output D6 (parallel mode) 


parallel data input/outputs 


positive supply voltage for digital circuits 
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FUNCTIONAL DESCRIPTION 


The synthesizer has been designed for a vocal tract modelling technique of voice synthesis. An excitation 
signal is fed to a series of resonators. Each resonator simulates one of the formants in the original speech. 
It is controlled by two parameters, one for the resonant frequency and one for the bandwidth. Five 
formants are needed for male speech and four for female speech. The output of this system is defined by 
the excitation signal, the amplitude values and the resonator settings. By periodic updating of all para- 
meters very high quality speech can be produced. 


OPERATION 


Speech characteristics change quite slowly, therefore the control parameters for the speech synthesizer 
can be adequately updated every few tens of milliseconds with interpolation during the interval to ensure 
a smooth changeover from one parameter value to the next. In the PCF8200 the standard-frame duration 
can be set to 8,8 , 10,4, 12,8 or 17,6 milliseconds with the speed-option, speaking speed, in the command- 
register. 

The duration of each individual speech frame is programmable to be 1, 2, 3 or 5 times the standard -frame 
duration. 


10 01 00 11 FSO, FS1 
00 88 10,4 12,8 17,6 ms 
01 17,6 20,8 25,6 35,2 ms 
10 26,4 31,2 38.4 52,8 ms 
11 44,0 52,0 64,0 88,0 ms 


Table 1. Frame duration as a function of speed-option (FS1, FSO) and frame-duration (FD1, FDO). 


The excitation signal is a random noise source for unvoiced sounds and a programmable pulse generator 
for voiced sounds. Both sources have an amplitude modulator which is updated 8 times in one speech- 
frame by linear interpolation. The pitch is updated every 1/8 of a standard frame. 


The excitation signal is filtered with a five formant filter for male speech and a four formant filter for 
female speech. The formant filter is a cascade of all second-order sections. The control parameters, formant- 
frequency and formant-bandwidth, are updated eight times per speech frame by linear interpolation. 

A block diagram of the formant synthesizer is shown in Fig. 3. 


The filter output is upsampled to 80 kHz and filtered with a digital low-pass filter. Before the signal is 
digital to analogue converted (DAC), with an 11-bit switched capacitor DAC, the signal is multiplied 
with a DAC-amplitude factor. The use of a digital filter means that no external audio filtering is required 


for low-medium applications and minimal filtering is required for those applications requiring very high 
quality speech. 


SPEECH 
OUT 


7280616 


PULSE 
GENERATOR 


Fig. 3 Block diagram of formant synthesizer. 
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DATA FORMAT 
Three types of format are used for data transfer to the synthesizer. 


DAC-amplitude factor 


The DAC-amplitude factor is one byte, which is used to optimize the digital speech signal to the 11-bit 
DAC, It is the first byte after a STOP or a BADSTOP or Vpp on. Table 2 indicates the amplitude factor. 


byte factor dB 
01110000 3,5 10,88 
10110000 3,25 10,24 
00110000 3,0 9,54 
11010000 2,75 8,97 
01010000 2,5 7,96 
10010000 2,25 7,04 
00010000 2,0 6,02 
11100000 1,75 4,86 
01100000 1,5 3,52 
10100000 1,25 1,94 
00100000 1,0 0,00 
11000000 0,75 —2,50 
01000000 05 —6,02 
10000000 0,25 —12,04 
00000000 0,0 

11110000 HEX code FO is not allowed as a DAC amplitude 


Table 2 DAC amplitude factor. 


Start pitch 


The second byte after a STOP or BADSTOP, or Vpp on is the start pitch. It is a one byte start value 
for the on-chip pitch-period generator. 


DEVELOPMENT DATA 


Frame Data 
The frame data is a five byte block which contains the filter and source information: 


pitch increment/decrement value 5 bits 
amplitude 4 bits 
frame duration 2 bits 
frequency of 1st formant 5 bits 
frequency of 2nd formant 5 bits 
frequency of 3rd formant 3 bits 
frequency of 4th formant 3 bits 
frequency of 5th formant 1 bit 

bandwidth of 1st formant 3 bits 
bandwidth of 2nd formant 3 bits 
bandwidth of 3rd formant 2 bits 
bandwidth of 4th formant 2 bits 
bandwidth of 5th formant 2 bits 


40 bits = 5 bytes 


The frame-data bits are organized as shown in Fig. 4. 
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7280617.2 
It is not allowed to set byte 0 to the hexadecimal value 00. 


Fig. 4 Format of frame-date. 


CONTROL FORMAT 
Command Write 
A command write consists of two bytes, and it may occur before a data block. The four bits which can 


be written are shown in Fig. 5. 
byte1| 1 0 sTOP M/F oO Oo FSi FSO 


Fig. 5 Control write: first byte fixed, second byte control. 


FSO, FS1 speed option 


speech standard-frame 
ESI css speed duration 
0 0 100% 12,8 ms 
0 1 145% 8,8 ms 
1 0 123% 10,4 ms 
1 1 73% 17,6 ms 


M/F, male/female option 
M/F =O male quantization table 
= 1 female quanti:zation table 
STOP 
STOP = 1 stop; repeat last complete frame with amplitude = 0 
(no excitation signal) 


= 0 if the frame data is not sent within the duration of a half 
frame, there will be a BADSTOP: 


1.REQ =1STOP=0 
2. Repeat last frame with amplitude = 0 
3. BUSY =0 
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Status Read 


Three status bits can be read out at any time without a preceding byte (00). 
This is shown in Fig. 6. 


07 oo 
REQ BUSY STOP x x“ x x x 


7Z80619.2 


Fig. 6 Status read. 


REQ = 1. Nodata required 
= 0 Synthesizer requesting for new data 
BUSY = 1. Busy (an utterance is pronounced) 
= 0 Idle, REGwill set to 1; the synthesizer is in STOP or BADSTOP mode 


STOP The STOP bit is the same as the stop bit written to the 
synthesizer during a command write. 
STOP = 1, BUSY = O stopped by the user. 
STOP = 0, BUSY = 0 BADSTOP because the data was not sent in time. 


INTERFACE PROTOCOL 


Data can be written to the synthesizer when REQ = 0 or, when REO = 1 and BUSY = O. Figure 7 
shows the interface protocol of the synthesizer. 


<_ After initial power-up the status/command register is set to the following status: 
= 

<x FSO, FS1 = 0. Standard-frame duration of 12,8 ms 
M/F = 0 Male quantization table 

2 STOP =0 

= BUSY =0 Idle 

5 REO = 1. No data required 

a 

> 

ff) 

Qa 


In parallel mode the synthesizer is activated by sending the DAC-amplitude factor. In serial mode the 
DAC-amplitude factor can be sent as soon as the synthesizer is powered-up. 


The 1?C transmitter/receiver will then acknowledge. When the request for the pitch-byte occurs the 
byte must be provided within the duration of a half standard frame. If the byte is not provided in time 
a BADSTOP will be generated. 


During each data write operation, the status bit REQ will be set to ‘1’. 

Within a frame data block, it disappears within a few microseconds, asking for the next byte of that 
block, If the bytes of frame data are not provided within the time-duration of a half frame, a BADSTOP 
will be generated. 


1?C ADDRESS 
On chip there is a I?C slave receiver/transmitter with the address: 


76543210 
0010000 R/W 
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POWER up 

The synthesizer will be set to power-up on a parallel-write sequence. 

PAR-mode: The input-latches are active so they can receive the first byte 

SER-mode: The I?C transmitter/receiver will not acknowledge until the synthesizer has powered- 


up. To power up the synthesizer a parallel write sequence (Fig. 9) must be made to 
the synthesizer by using external logic for the control lines; at least one line must be 
toggled, CE, while W = 0 and R/W= 1. 

The synthesizer can be set to permanent power-up by hard-wired control pins 
(CE = 0, R/W= 1,W=0). 


POWER DOWN MODE 


When BUSY = 0 the synthesizer will be set to power-down. In the power-down mode the status/command 
register will be retained. 


In power-down mode the clock-oscillator is switched off. After initial Vpp the synthesizer is in power- 
down mode. 


HANDLING 


All inputs and outputs are protected against electrostatic charge under normal handling conditions. 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter | conditions in. max. unit 


Supply voltage any pin with 

| respect to Vgg 7,5 Vv 

Input voltage | any pin with 

respect to Vss 7,5. Vv 

Output voltage | any pin with | 
| respecttoVgg_ | 7,5 Vv 

D.C. input diode current Vi<Vss 20 mA 

| “Vi>Vpp | 20 mA 

D.C. output diode current | VoQ<Vss 20 mA | 

Vo>Vpp 20 mA | 


Operating ambient 
temperature range 85 Ye 


Storage temperature range | 125 °C | 
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CHARACTERISTICS 


Tamb = —45 to + 85 °C; supply voltage (Vpp to Vgg) = 4,5 to 5,5 V with respect to Vgg, unless 
otherwise specified 


— 


parameter 


Supply 


Supply voltage 
Supply current 
Standby current IDD(SB) = 
Inputs 
CE, R/w, W 
Input voltage HIGH Vi 2,0 
Input voltage LOW VIL 0 
Input leakage current 

Vin = 0 to 5,5 V liR —10 
Rise and fall times (note 2) trt - 
Input capacitance C| = 
Oscl 
Input voltage HIGH Vi 2,2 
Input voltage LOW VIL (0) 
Input leakage current 

Vin =0to5,5V lig —10 
Rise and fall times (note 2) trt = 
Input capacitance Cc; - 


PARALLEL MODE 
Input Characteristics 


DEVELOPMENT DATA 


(DO to D7) 
Input voltage HIGH VIH 2,0 
Input voltage LOW VIL 0 


Input leakage current 
(Vin =O0t0 5,5 V, 
output off) ir —10 

Input capacitance Cc; - 

Output Characteristics 
(D5 to D7 only) 


Output voltage HIGH 


(IoH = —100 pA) VOH 3,5 
Output voltage LOW 

(lo_ = 3,2 mA) VOL 0 
Load capacitance CL = 
Rise and fall times (note 3) trf - 
SERIAL MODE 


Input characteristics 
(SDA and SDL) 


Input voltage HIGH 
Input voltage LOW 
Input leakage current 
(Vin =Oto 5,5 V, 
output off) 
Input capacitance 
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Parameter 


min. typ. max. unit 


Output Characteristics | 

(SDA only, open drain) 
Output voltage LOW | 

(lol = 3 mA) VoL 710 - 0,4 V 
OSCILLATOR | 
Crystal frequency fXTAL - 6 6,1 MHz 
VREF Voue-ts 
Reference voltage | VRer 1,9 - TE V 
Input leakage current (active) | lig } — | 5 — HA 
Outputs | | | 
REO, BUSY 
Output voltage HIGH | | 

(IO = 100 pA) Vou 3,5 - | Vpop Vv 
Output voltage LOW 

(Iq = 3,2 mA) ! Vot ; 0 - 0,4 | V 
Load capacitance } CL | - 80 pF 
Rise and fall times (note 3) | tert = - 50 ns 
OUT | | 
Output voltage | Vout | 0,66 x VpE 1,34xVRer | V 
Minimum external load ; 600 - - 2 
Timing characteristics } 

(note 1) (Figs 8 and 9) 
Write enable | twR - ns 
Data set-up for write | tos ~ ns | 
Data hold for write | toH - ns 
Read enable trp = ns 
Data delay for read (note 2) top 150 ns 
Data floating for read 

(note 2) tpF ns 
Control set-up ns 
Control hold ns 
REQ new (new byte of the 

same speech frame) us 


REQ Valid 
REQ Hold 


NOTES TO THE CHARACTERISTICS 


1. Timing reference level is 1,5 V; supply 5 V = 10%; temperature range of —40 °C to 85 °C. 

2. Levels greater than 2 V for a ‘1’ or less than 0,8 V for a ‘0’ are reached with a load of one TTL 
input and 50 pF. 

3. Rise and fall times between 0,6 V and 2,2 V levels. 


# Values not yet available. 
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Voice synthesizer PCF8200 


DAC 
AMPLITUDE 
FACTOR 


SEND 
CONTROL 


CONTROL 
BYTE 


DEVELOPMENT DATA 


COMMAND 
STOP 


7Z80620.2 


Fig. 7 Interface protocol. 
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PCF8200 


Timing diagrams 


The control signals CE, R/W and W have been specified to enable easy interface to most microprocessors 
and microcomputers. For instance with connection to an MAB8048 microcomputer the R/W and W 
inputs can be used as the RD and WR strobe inputs. 


Ce a Gg WO 
W\ write 7 ce WRITE READ 
[Nie geo ar aninenD 7 [Ng NS - 


72780541 
Typical connection of control signals. 


trp —4 
ce oF Ae ie 
CE used 


es strobe ‘cs + tcH 
ay: fs 
Raw 


Rw \ 6 
RAW used as 


read strobe 


za ‘cso—| [— tcH 
CE="0" i 1 ! 


—i 'oo = —+ tor 


=] 


D7 
7260542 
Fig. 8 Read timing. 
= — 'twr “ 
cE 
CE used 


W used 
as white 
Strobe 
CE ="0 


data 
write 


7280621 


Fig. 9 Write timing. 


278 July 1986 


Voice synthesizer PCF8200 


7Z80623.1 SYNTHESIZER 


Fig. 10 Typical application configuration with parallel interface. 


MICROPROCESSOR 


DEVELOPMENT DATA 


7280622 SYNTHESIZER 


Fig. 11 Typical application configuration with series interface. 


PCF8200 
SYNTHESIZER 


RL = 250 
Po= 140 mw 
(peak) 
7Z80624.1 


Fig. 12 An example of an output configuration. 
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PCF8200 


PCF8200 PCF8200 


TTL 
clock 7280625 


Fig. 13 Oscillator clock configurations. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 


PCF84CXXX 
FAMILY 


specifications are subject to change without notice. 


FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET 


SINGLE-CHIP 8-BIT MICROCONTROLLER FAMILY 


DESCRIPTION 


An advanced CMOS process is used to manufacture the PCF84CXXX microcontroller family. The family 
consists of the following devices: 


© PCF84C00 @ PCF84C12 @ PCF84C121 @ PCF84C430 
© PCF84C21 @ PCF84C22 @ PCF84C230 @ PCF84C470 
© PCF84C41 © PCF84C42 @ PCF84C270 @ PCF84C640 
@ PCF84C81 © PCF84C85 @ PCF84C271 


This data sheet describes features of the PCF84CXXX microcontroller family which are common to 
several family members. For details on a particular device, consult the relevant data sheet. 


All family members have quasi-bidirectional I/O port lines, a single-level vectored interrupt structure, 
an 8-bit timer/event counter and on-chip clock oscillator and clock circuits. 


These efficient controllers also perform well as arithmetic processors. They have facilities for both 
binary and BCD arithmetic plus bit-handling capabilities. The instruction set is similar to that of the 
MAB8048 and the PCF84CXXX family is very similar to the MAB8400 family. 


Features common to all family members are listed below. 


Features 

8-bit CPU, ROM, RAM, !/O ina single DIL or SO package 
1K,2K,4Kor8K x 8 ROM; there is also a ROM-less device 
64, 128 or 256 x 8 RAM 

Quasi-bidirectional |/O port lines 

Two test inputs: one of which is also an external interrupt input 
Single-level vectored interrupt structure 

8-bit programmable timer/event counter 

Clock frequency range: 100 kHz to 10 MHz 

Over 80 instructions (similar to those of the MAB8048) all of 1 or 2 cycles 
Single supply voltage (2,5 V to 5,5 V) 

STOP and IDLE modes 

Power-on-reset circuit 

Operating temperature range: —40 to + 85 OC 


PACKAGE OUTLINES 
Consult individual data sheets. 
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Fig. 1 PCF84CXXX block diagram. 
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PCF84COO 
PCF84C21/C 
PCF84C41/C 
PCF84C81/C 


FOR DETAILED INFORMATION SEE RELEVANT DATA BOOK OR DATA SHEET 


SINGLE-CHIP 8-BIT MICROCONTROLLERS 
WITH 1*C-BUS INTERFACE 


DESCRIPTION 

An advanced CMOS process is used to manufacture the PCF84CO0, PCF84C21/C, PCF84C41/C and 

PCF84C81/C microcontrollers. The PCF84C21C, PCF84C41C and PCF84C81C operate at a higher 

clock frequency. Each device has 20 quasi-bidirectional I/O port lines, a serial I/O interface, a single- 

level vectored interrupt structure, an 8-bit timer/event counter and on-chip clock oscillator and 

clock circuits. On-chip RAM and ROM content is as follows: 

@ PCF84CO0 — 256 x 8 RAM, external program ® PCF84C41 — 128 x 8 RAM, 4K x 8 ROM 
memory @ PCF84C81 — 256 x 8 RAM, 8 K x 8 ROM 

@ PCF84C21— 64x8RAM,2Kx8ROM 

These efficient controllers also perform well as arithmetic processors. They have facilities for both binary 

and BCD arithmetic plus bit-handling capabilities. The instruction set is similar to that of the MAB8048. 


These microcontrollers are members of the PCF84C XXX family. For detailed information, consult the 
PCF84CX XxX data sheet. 


Features 
@ 8-bit CPU, ROM, RAM, I/O in a single 28-lead @ 8-bit programmable timer/event counter 

DIL or SO package ® Clock frequency range: 100 kHz to 10 MHz; 
@ 2K,4Kor8K x ROM; also a ROM-less version C versions: 1 MHz to 12 MHz 
@ 64, 128 or 256 x 8 RAM ® Over 80 instructions (similar to those of the 
® 20 quasi-bidirectional I/O port lines MAB8048) all of 1 or 2 cycles 
@ Two test inputs, one of which is also the @ Single supply voltage (2,5 to 5,5 V) 

external interrupt input @ STOP and IDLE modes 
®@ Single-level vectored interrupts: external, @ Power-on reset circuit 

timer/event counter and serial |/O @ Operating temperature range: —40 to +85 % 
@ (°C hardware interface for serial data transfer @ High current on Port 1: IOL = 10 mA at 

on two lines (serial |/O data via an existing VOL = 1,2 V (all versions except the 


port line and clock via a dedicated line) PCF84CO0). 


For following sections see PCF84CXXX family data sheet 


Program memory Program counter 

Data memory Central processing unit 
Program counter stack Conditional branch logic 
IDLE and STOP modes Test input T1 

1/O facilities 

Serial 1/O Power-on reset 
Interrupts Instruction set 
Oscillator 


Timer/event counter 
Program status word 


PACKAGE OUTLINES 


PCF84C21/41/81P: 28-lead DIL; plastic (SOT117). 

PCF84C21/41/81T: 28-lead mini-pack; plastic (S028; SOT 136A). 

PCF84COOB : 28-lead ‘piggy-back’ package (supports up to 28-pin EPROM). 
PCF84COOT : 56-lead mini-pack; plastic (VSO56; SOT 190). 
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Fig. 1 Block diagram. 


i AO—A12 1 
DO-D7 


7220149.1 
Fig. 1a Replacement of dotted section Fig. 1b Replacement of dotted section 
in Fig. 1, for the PCF84COOT in Fig. 1, for the PCF84CO0B 
ROM.-less version. ‘piggy-back’ version. 
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PCF84C12 
PCF84C22 
PCF84C42 


DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice, 


FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET 


SINGLE-CHIP 8-BIT MICROCONTROLLERS 


DESCRIPTION 


An advanced CMOS process is used to manufacture the PCF84C12, PCF84C22 and PCF84C42 
microcontrollers. Each device has 13 quasi-bidirectional |/O port lines, a single-level vectored interrupt 
structure, an 8-bit timer and on-chip clock oscillator and clock circuits. On-chip RAM and ROM content 
is as follows: 

@ PCF84C12 — 64x 8 RAM, 1Kx8ROM 

@ PCF84C22 — 64x 8 RAM, 2 K x 8 ROM 

@ PCF84C42 —- 64x 8 RAM, 4K x 8 ROM 

These efficient microcontrollers also perform well as arithmetic processors. The instruction set is 
similar to that of the MAB8048. They have bit handling abilities and facilities for both binary and 
BCD arithmetic. 

These microcontrollers are members of the PCF84CXXX family. For detailed information, consult the 
PCF84CXXxX data sheet. 


Features 

© 8-bit CPU, ROM, RAM, I/O ina single 20-lead DIL or SO package 
@1K,2Kor4Kx8ROM 

© 64x 8 RAM 

© 2 timers (8-bit programmable) 

® 13 quasi-bidirectional !/O port lines 

© Two test inputs: one of which is also the external interrupt input 
@ Single-level, vectored interrupts: external and timer/event counter 
@ 8-bit programmable timer/event counter 

® Clock frequency range: 100 kHz to 10 MHz 

® Over 80 instructions (similar to those of the MA88048) all of 1 or 2 cycles 
© Single supply voltage (2.5 V to 5.5 V) 

@ STOP and IDLE modes 

@ Power-on-reset circuit 

@ Operating temperature range: —40 to + 85 °C 


Program memory Program counter 

Data memory Central processing unit 
Program counter stack Conditional branch logic 
IDLE and STOP modes Test input T1 

1/O facilities Power-on-reset 
Interrupts 

Oscillator 


Timer/event counters 
Program status word 


PACKAGE OUTLINES 


PCF84C12/22/42P: 20-lead DIL; plastic (SOT 146). 
PCF84C12/22/42T: 20-lead mini-pack; plastic (S020, SOT 163A). 
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DEVELOPMENT DATA Ce4 
This data sheet contains advance information and ! 5) PCF84C85 


specifications are subject to change without notice, 


FOR DETAILED INFORMATION SEE REVELANT DATA BOOK OR DATA SHEET 


SINGLE-CHIP 8-BIT MICROCONTROLLER 
WITH 32 I/O LINES 


DESCRIPTION 


The PCF84C85 microcontroller is manufactured in CMOS, and is designed to be an efficient controller 
as well as an arithmetic processor. The instruction set is based on that of the MAB8048 and is software 
compatible with the PCF84CXX family. The PCF84C85 has two additional derivative ports and the 
microcontroller has bit handling abilities and facilities for both binary and BCD arithmetic. 


For detailed information on the PCF84CXxX see the ‘’Single-chip 8-bit Microcontrollers’ user manual. 


Features 


e@ 8-bit CPU, ROM, RAM, I/O in a single 40-lead DIL or mini-pack package 
e 8K ROM 

256 RAM bytes 

32 quasi-bidirectional 1/O port lines 

Two test inputs: one of which is also the external interrupt input 
Single-level vectored interrupts: external, timer/event counter, serial I/O 
1?C hardware interface for two-line serial data transfer 

(serial 1/O data via an existing port line and clock via a dedicated line) 
8-bit programmable timer/event counter 

Clock frequency 100 kHz to 10 MHz 

Over 80 instructions (based on MAB8048) all of 1 or 2 cycles 

Single supply voltage from 2,5 V to 5,5 V 

STOP and IDLE mode 

Power-on-reset circuit 

Operating temperature range: —40 to +85 °C 


PACKAGE OUTLINES 


PCF84C85P: 40-lead DIL; plastic (SOT129). 
PCF84C85T: 40-lead; mini-pack (VSO40; SOT 158). 
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DEVELOPMENT DATA NET 
This data sheet contains advance information and LJ = =} PCF8566 


specifications are subject to change without notice, 


UNIVERSAL LCD DRIVER FOR LOW MULTIPLEX RATES 


GENERAL DESCRIPTION 


The PCF8566 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having 
low multiplex rates. It generates the drive signals for any static or multiplexed LCD containing up to 
four backplanes and up to 24 segments and can easily be cascaded for larger LCD applications. The 
PCF8566 is compatible with most microprocessors/microcontrollers and communicates via a two-line 
bidirectional bus (IC). Communication overheads are minimized by a display RAM with auto-incre- 
mented addressing, by hardware subaddressing and by display memory switching (static and duplex 
drive modes). 


Features 


Single-chip LCD controller/driver 

Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing 

Selectable display bias configuration: static, 1/2 or 1/3 

Internal LCD bias generation with voltage-follower buffers 

24 segment drives: up to twelve 8-segment numeric characters; up to six 15-segment alphanumeric 
characters; or any graphics of up to 96 elements 

24 x 4-bit RAM for display data storage 

Auto-incremented display data loading across device subaddress boundaries 

Display memory bank switching in static and duplex drive modes 

Versatile blinking modes 

LCD and logic supplies may be separated 

2,5 V to 6 V power supply range 

Low power consumption 

Power-saving mode for extremely low power consumption in battery-operated and telephone 
applications 

1?C bus interface 

TTL/CMOS compatible 

Compatible with any 4-bit, 8-bit or 16-bit microprocessors/microcontrollers 

May be cascaded for large LCD applications (up to 1536 segments possible) 

Cascadable with the 40 segment LCD driver PCF 8576 

Optimized pinning for single plane wiring in both single and multiple PCF 8566 applications 
Space-saving 40-lead plastic mini-pack (VSO-40; SOT-158A) 

No external components required (even in multiple device applications) 

Manufactured in silicon gate CMOS process 


PACKAGE OUTLINES 


PCF8566P: 40-lead DIL; plastic (SOT 129). 
PCF8566T: 40-lead mini-pack (VSO40; SOT158A). 
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2390 


Universal LCD driver for low multiplex rates PCF8566 


PINNING 
1 SDA ?C bus data input/output 
2 SCL ?C bus clock input/output 
3 SYNC cascade synchronization input/output 
4 CLK external clock input/output 
5 Vop positive supply voltage 
6 osc oscillator input 
7 AO | 
8 Al ?C bus subaddress inputs 
oom tire ©) 
10 SAO ?C bus slave address bit 0 input 
11 Vss logic ground 
PCF8566 12 VicbD LCD supply voltage 
13 BPO | 
14 BP2 
15 BPI LCD backplane outputs 
16 BP3 
17 so | 
to to LCD segment outputs 
40 $23 J 


DEVELOPMENT DATA 


7297492 


Fig. 2 Pinning diagram. 
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FUNCTIONAL DESCRIPTION 

The PCF8566 is a versatile peripheral device designed to interface any microprocessor to a wide variety 
of LCDs. It can directly drive any static or multiplexed LCD containing up to four backplanes and up 
to 24 segments. The display configurations possible with the PCF8566 depend on the number of active 
backplane outputs required; a selection of display configurations is given in Table 1. 


Table 1 Selection of display configurations 
7-segment 14-segment dot matrix 
numeric alphanumeric 


active back- no. of 
plane outputs segments 
12 digits + 6 characters + 96 dots 


96 12 indicator 12 indicator (4 x 24) 
symbols symbols 


9 digits + 4 characters + 72 dots 
9 indicator 16 indicator (3 x 24) 
symbols symbols 


6 digits + 3 characters + 48 dots 

6 indicator 6 indicator (2 x 24) 
symbols symbols : 
3 digits + 1 characters + 24 dots 

3 indicator 10 indicator 

symbols symbols 


All of the display configurations given in Table 1 can be implemented in the typical system shown in 
Fig. 3. The host microprocessor/microcontroller maintains the two-line |?C bus communication channel 
with the PCF8566. The internal oscillator is selected by tying OSC (pin 6) to Vsg. The appropriate 
biasing voltages for the multiplexed LCD waveforms are generated internally. The only other connec- 
tions required to complete the system are to the power supplies (Vpp, Vss and Vip) and to the 

LCD panel chosen for the application. 


LCD PANEL 


PROCESSOR/ (up to 96 
MICRO- elements) 
CONTROLLER 


7297493 


Fig. 3 Typical system configuration. 
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Universal LCD driver for low multiplex rates PCF8566 


Power-on reset 


At power-on the PCF8566 resets to a defined starting condition as follows: 
. All backplane outputs are set to Vpp. 

. All segment outputs are set to Vpp. 

. The drive mode ‘1 : 4 multiplex with 1/3 bias’ is selected. 

. Blinking is switched off. 

. Input and output bank selectors are reset (as defined in Table 5). 

. The I?C bus interface is initialized. 


NOOO f WN — 


. The data pointer and the subaddress counter are cleared. 


Data transfers on the |?C bus should be avoided for 1 ms following power-on to allow completion of the 
reset action. 


LCD bias generator 


The full-scale LCD voltage (Vop) is obtained from Vpp — Vicp. The LCD voltage may be temperature 
compensated externally through the V; cp supply to pin 12. Fractional LCD biasing voltages are obtained 
from an internal voltage divider of three series resistors connected between Vpp and Vi cp. The centre 
resistor can be switched out of circuit to provide a % bias voltage level for the 1 : 2 multiplex configuration. 


LCD voltage selector 


The LCD voltage selector coordinates the muitiplexing of the LCD according to the selected LCD drive 
configuration. The operation of the voltage selector is controlled by MODE SET commands from the 
command decoder, The biasing configurations that apply to the preferred modes of operation, together 
with the biasing characteristics as functions of Von = Vpp — VLCp and the resulting discrimination 
ratios (D), are given in Table 2. 


Table 2 Preferred LCD drive modes: summary of characteristics 


DEVELOPMENT DATA 


LCD drive mode LCD bias Voff(rms) Von (rms) p = Yon(rms) 
configuration é Voff(rms) 


static (1 BP) static (2 levels) 


oo 
1: 2 MUX (2 BP) 1/2 (3 levels) V/2/4 = 0,354 | \/10/4=0,791 | \/5= 2,236 
1: 2 MUX (2 BP) 1/3 (4 levels) 1/3 = 0,333 J5/3 = 0,745 J/5 = 2,236 
1: 3 MUX (3 BP) 1/3 (4 levels) 1/3 = 0,333 V/33/9 = 0,638 | \/33/3 = 1,915 
1: 4 MUX (4 BP) 1/3 (4 levels) 1/3 = 0,333 V3/3 = 0,577 VJ/3 = 1,732 


December 1987 293 


PCF8566 


LCD voltage selector (continued) 


A practical value for Vop is determined by equating Voff(rms) with a defined LCD threshold voltage 
(Vth), typically when the LCD exhibits approximately 10% contrast. In the static drive mode a 
Suitable choice is Vop 2 3Vth. 

Multiplex drive ratios of 1 : 3.and 1 : 4 with 1/2 bias are possible but the discrimination and hence the 
contrast ratios are smaller (/3= 1,732 for 1: 3 multiplex or /21 /3 = 1,528 for 1 : 4 multiplex). 

The advantage of these modes is a reduction of the LCD full scale voltage Vop as follows: 


1: 3 multiplex (1/2 bias) : Vop =./6 Voft(rms) = 2,442 Votf(rms) 
1: 4 multiplex (1/2 bias) : Vop = 4/3/3 Voff(rms) = 2309 Voffirms) 
These compare with Vop = 3 Voff(rms) When 1/3 bias is used. 


LCD drive mode waveforms 


The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and 
segment drive waveforms for this mode are shown in Fig. 4. 


state (a Oe At any instant (t): 
Vstate 1(t) = Vg, (t) - Vepolt) 
Se a Voni(rms) = Vop 
Nig) 


Vstate 2(t) =VSn44 (t) - Vgpolt) 
mt 3 Voff(rms) = Vv 


(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 
7291465 


Fig. 4 Static drive mode waveforms: Voy = Vpp — VLCD- 
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Universal LCD driver for low multiplex rates 


When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8566 
allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6. 
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n 
i. Vv 
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> Vstate 2(t) = Vs, (t) — Vepy(t) 
eee Vop 
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7291477 


(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 


Fig. 5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: Von = Vpp — VLCD.- 
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LCD drive mode waveforms (continued) 
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Fig. 6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Vop =Vpp — VicpD- 


The backplane and segment drive wavefront for the 1 : 3 multiplex drive mode (three LCD backplanes) 
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively. 
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(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 


Fig. 7 Waveforms for 1 : 3 multiplex drive mode: Vop = Vop — Vicp: 
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LCD drive mode waveforms (continued) 
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Fig. 8 Waveforms for 1 : 4 multiplex drive mode: Vop = Vop — VLcp- 
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Oscillator 


The internal logic and the LCD drive signals of the PCF8566 or PCF8576 are timed either by the 
built-in oscillator or from an external clock. 


The clock frequency (fc. K) determines the LCD frame frequency and the maximum rate for data 
reception from the |7C bus. To allow |*C bus transmissions at their maximum data rate of 100 kHz, 
foLK should be chosen to be above 125 kHz. 


A clock signal must always be supplied to the device; removing the clock may freeze the LCD in aDC 
state. 


Internal clock 


When the internal oscillator is used, OSC (pin 6) should be tied to Vgs. In this case, the output from 
CLK (pin 4) provides the clock signal for cascaded PCF 8566s and PCF8576s in the system. 


External clock 


The condition for external clock is made by tying OSC (pin 6) to Vpp; CLK (pin 4) then becomes the 
external clock input. 


Timing 
The timing of the PCF8566 organizes the internal data flow of the device. This includes the transfer of 


< display data from the display RAM to the display segment outputs. In cascaded applications, the 
s synchronization signal SYNC maintains the correct timing relationship between the PCF8566s in the 
= system. The timing also generates the LCD frame frequency which it derives as an integer multiple of 
é the clock frequency (Table 3). The frame frequency is set by MODE SET commands when internal 
s clock is used, or by the frequency applied to pin 4 when external clock is used. 
a 
jo) 
Zs Table 3 LCD frame frequencies 
S s 
ra [ PCF8566 mode fframe | nominal fframe (Hz) 
normal mode foLK/2880 | 64 
power-saving mode foLK/480 64 


The ratio between the clock frequency and the LCD frame frequency depends on the mode in which 
the device is operating. In the power-saving mode the reduction ratio is six times smaller, this allows 
the clock frequency to be reduced by a factor of six. The reduced clock frequency results in a signifi- 
cant reduction in power dissipation. The lower clock frequency has the disadvantage of increasing the 
response time when large amounts of display data are transmitted on the I?C bus. When a device is 
unable to ‘digest’ a display data byte before the next one arrives, it holds the SCL line low until the 
first display data byte is stored. This slows down the transmission rate of the I7C bus but no data loss 
occurs, 
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Display latch 


The display latch holds the display data while the corresponding multiplex signals are generated. There 
is a one-to-one relationship between the data in the display latch, the LCD segment outputs and one 
column of the display RAM. 


Shift register 


The shift register serves to transfer display information from the display RAM to the display latch while 
previous data are displayed. 


Segment outputs 


The LCD drive section includes 24 segment outputs SO to $23 (pins 17 to 40) which should be connected 
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back- 
plane signals and with the data resident in the display latch. When less than 24 segment outputs are 
required the unused segment outputs should be left open-circuit. 


Backplane outputs 


The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly 
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode. 
If less than four backplane outputs are required the unused outputs can be left open. In the 1: 3 multi- 
plex drive mode BP3 carries the same signal as BP 1, therefore these two adjacent outputs can be tied 
together to give enhanced drive capabilities. In the 1: 2 multiplex drive mode BPO and BP2, BP1 and 

BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the 
static drive mode the same signal is carried by all four backplane outputs and they can be connected in 
parallel for very high drive requirements. 


Display RAM 


The display RAM is a static 24 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map 
indicates the ‘on’ state of the corresponding LCD segment; similarly, a logic 0 indicates the ‘off’ state. 
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between 
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the 
24 segments operated with respect to backplane BPO (Fig. 9). In multiplexed LCD applications the 


segment data of the second, third and fourth column of the display RAM are time-multiplexed with 
BP1, BP2 and BP3 respectively. 


display RAM addresses (rows) / segment outputs (S) 


19 20 21 22 23 
display RAM bits 
(columns) / _-——o—— 
backplane outputs 
(BP) 2 


7297488 


Fig. 9 Display RAM bit-map showing direct relationship between display RAM addresses and segment 
outputs, and between bits in a RAM word and backplane outputs. 


December 1987 


Universal LCD driver for low multiplex rates PCF8566 


When display data are transmitted to the PCF8566 the display bytes received are stored in the display 
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg- 
ment numeric display showing all drive modes is given in Fig. 10; the RAM filling organization depicted 
applies equally to other LCD types. 

With reference to Fig. 10, in the static drive mode the eight transmitted data bits are placed in bit 0 of 
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data 
bits are placed in bits 0 and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive 
mode these bits are placed in bits 0, 1 and 2 of three successive addresses, with bit 2 of the third address 
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but 
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the 
1: 4 multiplex drive mode the eight transmitted data bits are placed in bits 0, 1, 2 and 3 of two suc- 
cessive display RAM addresses. 


Data pointer 


The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading 
of an individual display data byte, or a series of display data bytes, into any location of the display 

RAM. The sequence commences with the initialization of the data pointer by the LOAD DATA POINTER 
command. Following this, an arriving data byte is stored starting at the display RAM address indicated 

by the data pointer thereby observing the filling order shown in Fig. 10. The data pointer is automati- 
cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the 
contents of the data pointer are incremented by eight (static drive mode), by four (1 : 2 multiplex 

drive mode), by three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex drive mode). 


Subaddress counter 


The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed 
to take place only when the contents of the subaddress counter agree with the hardware subaddress 
applied to AO, A1 and A2 (pins 7, 8, and 9). AO, Al and A2 should be tied to Vss or Vpp. The 
subaddress counter value is defined by the DEVICE SELECT command. If the contents of the sub- 
address counter and the hardware subaddress do not agree then data storage is inhibited but the data 
pointer is incremented as if data storage had taken place. The subaddress counter is also incremented 
when the data pointer overflows. 

The storage arrangements described lead to extremely efficient data loading in cascaded applications. 
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next 
PCF8566 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is 
successful even if the change to the next device in the cascade occurs within a transmitted character. 


DEVELOPMENT DATA 
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Output bank selector 


This selects one of the four bits per display RAM address for transfer to the display latch. The actual 
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex 
sequence. In 1 : 4 multiplex, all RAM addresses of bit 0 are the first to be selected, these are followed 
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected 
sequentially. In 1 : 2 multiplex, bits 0 then 1 are selected and, in the static mode, bit O is selected. 


The PCF8566 includes a RAM bank switching feature in the static and1 : 2 multiplex drive modes. In 
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected 
for display instead of bit 0 contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be 
selected instead of bits 0 and 1. This gives the provision for preparing display information in an 
alternative bank and to be able to switch to it once it is assembled. 


Input bank selector 


The input bank selector loads display data into the display RAM according to the selected LCD drive 
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3 in 1 : 2 drive 
mode by using the BANK SELECT command. The input bank selector functions independently of the 
output bank selector. 


Blinker 


The display blinking capabilities of the PCF8566 are very versatile. The whole display can be blinked 
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the 
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which 
the device is operating, as shown in Table 4. 


An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the 
static and 1 : 2 LCD drive modes and can be implemented without any communication overheads. By 
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks 
at the blinking frequency. This mode can also be specified by the BLINK command. 


DEVELOPMENT DATA 


In the 1: 3.and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD 
segments can be blinked by selectively changing the display RAM data at fixed time intervals. 

If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can 
be effectively performed by resetting and setting the display enable bit E at the required rate using the 
MODE SET command. 


Table 4 Blinking frequencies 


blinking mode normal operating power-saving nominal blinking frequency 


mode ratio mode ratio folink (Hz) 
off - - blinking off 
2 Hz foLk/92160 foLK/15360 
1 Hz foLK/184320 feLK/30720 
0,5 Hz foLK/368640 foLK/61440 
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CHARACTERISTICS OF THE ?C BUS 


The I?C bus is for 2-way, 2-line communication between different |Cs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 


during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


j Gata line change 
stable | of data 
! Gata valid ! allowed 7287019 


Fig. 11 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


r oe 
pre eats! 1 a \ = 

1 

SDA pee / \ Hit fae SDA 
| =-= Il 
{ ' i] ' 
1 | 1 | 

Sct esd | ogiee SCL 
i ' ' ' 
er | t~—--—J4 


start condition stop condition 
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Fig. 12 Definition of start and stop conditions. 
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System configuration 


A device generating a message is a ‘’transmitter’’, a device receiving a message is a “‘receiver’’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the ‘‘slaves”’, 


SDA 
SCL 


MASTER MASTER 


TRANSMITTER/ RECEIVER TRANSMITTER/ TRANSMITTER/ 
RECEIVER RECEIVER RECEIVER 


7287004 


Fig. 13 System configuration. 


Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge bit is a HIGH 
level put on the bus by the transmitter whereas the master generates an extra acknowledge related 
clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception of 
each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 


DEVELOPMENT DATA 


start clock pulse for 
condition acknowledgement 
i} 


SCL FROM 1 
MASTER fi lnk rs vile) ey 
DATA OUTPUT \ 
BY TRANSMITTER ; he: 
DATA OUTPUT ai 
BY RECEIVER 
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Fig. 14 Acknowledgement on the I?C bus. 
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PCF8566 1? bus controller 


The PCF8566 acts as an |?C slave receiver. It does not initiate 1*C bus transfers or transmit data to an 
1° master receiver, The only data output from the PCF8566 are the acknowledge signals of the selec- 
ted devices. Device selection depends on the |?C bus slave address, on the transferred command data 
and on the hardware subaddress. 


In single device applications, the hardware subaddress inputs AO, A1 and A2 are normally left open- 
Circuit or tied to Vsg which defines the hardware subaddress 0. In multiple device applications AO, A1 
and A2 are left open-circuit or tied to Vgg or Vpp according to a binary coding scheme such that no 
two devices with a common I?C slave address have the same hardware subaddress. 


In the power-saving mode it is possible that the PCF8566 is not able to keep up with the highest trans- 
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF8566 
forces the SCL line LOW until its internal operations are completed. This is known as the ‘clock 
synchronization feature’ of the !7C bus and serves to slow down fast transmitters. Data loss does not 
occur. 


Input filters 


To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on 
the SDA and SCL lines. 


PC bus protocol 


Two I?C bus slave addresses (0111110 and 0111111) are reserved for PCF8566. The least-significant 
bit of the slave address that a PCF 8566 wil! respond to is defined by the level tied at its input SAO 
(pin 10). Therefore, two types of PCF8566 can be distinguished on the same I?C bus which allows: 


(a) up to 16 PCF8566s on the same IC bus for very large LCD applications; 
(b) the use of two types of LCD multiplex on the same 1I7C bus. 


The I?C bus protocol is shown in Fig. 15. The sequence is initiated with a start condition (S) from the 
IC bus master which is followed by one of the two PCF8566 slave addresses available. All PCF 8566s 
with the corresponding SAO level acknowledge in parallel the slave address but all PCF 8566s with the 
alternative SAO level ignore the whole I°C bus transfer. After acknowledgement, one or more command 
bytes (m) follow which define the status of the addressed PCF 8566s. The last command byte is tagged 
with acleared most-significant bit, the continuation bit C. The command bytes are also acknowledged 
by all addressed PCF 8566s on the bus. 


After the last command byte, a series of display data bytes (n) may follow. These display data bytes 
are stored in the display RAM at the address specified by the data pointer and the subaddress counter. 
Both data pointer and subaddress counter are automatically updated and the data are directed to the 
intended PCF8566 device. The acknowledgement after each byte is made only by the (AO, A1, A2) 
addressed PCF8566. After the last display byte, the I?C bus master issues a stop condition (P). 
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a acknowledge by 
R/W {A0,A1,A2)—selected 


slave address | acknobtcige Ba PCF B566 only 
—————— + fF addressed PCF8566s 


SS reetid Sr ae Onarga = or 1G 


1 byte m = 1 bytes n> O bytes 
update data pointer 


and, if necessary, 
72974891 subaddress counter 


Fig. 15 1?C bus protocol. 


Command decoder 

The command decoder identifies command bytes that arrive on the I?C bus. All available commands 
carry a continuation bit C in their most-significant bit position (Fig. 16). When this bit is set, it indicates 
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates 


< the last command byte of the transfer. Further bytes will be regarded as display data. 
<x 
a 
= 
& 
= 0 = last command 
a 1 = commands continue 
°o ' 
=i ’ 
w 
a REST OF OPCODE 
[2) 
msb isb 
7291471 


Fig. 16 General format of command byte. 


The five commands available to the PCF 8566 are defined in Table 5. 
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Table 5 Definition of PCF8566 commands 


command/opcode 


MODE SET 


Lol 1 of ee} a mt mo] 


LOAD DATA POINTER 


lof [para ra i Pl 


DEVICE SELECT 


[e110 ofaz ai ao] 


308 


LCD drive mode 
static (1 BP) 

1: 2 MUX (2 BP) 
1:3 MUX (3 BP) 
1:4 MUX (4 BP) 
LCD bias 


1/3 bias 
1/2 bias 


display status 


disabled (blank) 
enabled 


normal mode 
power-saving mode 


bits M1 MO 


Defines LCD drive mode 


Defines LCD bias configuration 


Defines display status 

The possibility to disable the 
display allows implementation 
of blinking under external 
control 


Defines power dissipation mode 


bits P4 P3 P2 P1 PO 


5-bit binary value of 0 to 23 


bits AO Al A2 


3-bit binary value of 0 to 7 


Five bits of immediate data, 

bits P4 to PO, are transferred 

to the data pointer to define 

one of twenty-four display RAM 
addresses 


Three bits of immediate data, 
bits AO to A2, are transferred 
to the subaddress counter to 
define one of eight hardware 
subaddresses 
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command/opcode options description 


Defines input bank selection 
(storage of arriving display data) 


BANK SELECT 


fefra1 ofifo 


1: 2MUX 
RAM bit 0 
RAM bit 2 | RAM bits 2, 3 
static 
RAM bit 0 


RAM bits 0, 1 
RAM bit 2 | RAM bits 2, 3 


Defines output bank selection 
bit O| (retrieval of LCD display data) 


The BANK SELECT command has 
no effect in 1: 3and 1 : 4 multi- 
plex drive modes 


Defines the blinking frequency 


BLINK Steet pap aie ae 
blink frequency |bitsBF1 BFO 


| off 0 0 
2 Hz ie} 1 
1 Hz 1 0 
0,5 Hz 1 1 


bitA | Selects the blinking mode; 
|normal operation with frequency 
0 {set by bits BF1, BFO, or 

1 blinking by alternation of 

| display RAM banks. Alternation 
blinking does not apply in 1:3 
and 1 : 4 multiplex drive modes 


blink mode 


normal blinking 
alternation blinking 


DEVELOPMENT DATA 


Display controller 


The display controller executes the commands identified by the command decoder. It contains the 
status registers of the PCF8566 and coordinates their effects. The controller is also responsible for loading 
display data into the display RAM as required by the filling order. 
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Cascaded operation 


In large display configurations, up to 16 PCF8566s can be distinguished on the same |?C bus by using 
the 3-bit hardware subaddress (AO, A1, A2) and the programmable |?C slave address (SAO). It is also 
Possible to cascade up to 16 PCF 8566s. When cascaded, several PCF 8566s are synchronized so that they 
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost- 
effective in large LCD applications since the backplane outputs of only one device need to be through- 
plated to the backplane electrodes of the display. The other PCF 8566s of the cascade contribute 
additional segment outputs but their backplane outputs are left open-circuit (Fig. 17). 


The SYNC line is provided to maintain the correct synchronization between all cascaded PCF 8566s. 
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be 
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by 
the definition of a multiplex mode when PCF8566s with differing SAO levels are cascaded). SYNC is 
organized as an input/output pin; the output section being realized as an open-drain driver with an 
internal pull-up resistor. A PCF 8566 asserts the SYNC line at the onset of its last active backplane 
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it 
will be restored by the first PCF8566 to assert SYNC. The timing relationships between the backplane 
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig. 18. 
The waveforms are identical with the parent device PCF8576. Casadability between PCF8566s and 
PCF8576s is possible, giving cost effective LCD applications. 


LCD PANEL 


(up to 1536 
elements) 


BPO- 6P3 
(open-circuit) 


72974861 
Fig. 17 Cascaded PCF8566 configuration. 
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1 


re ‘frame 


a & Thrame v. | 


SYNC | | | | 


{a) STATIC ORIVE MODE 


BPI 
(Vy bias) 


Bt 
(Vy bias) 
SYNC | | | | 


{b) 1:2 MULTIPLEX DRIVE MODE 


he ee 
SYNC | | | | 


(c) 1:3 MULTIPLEX ORIVE MODE 


SYNC | | | | 
(d) 1:4 MULTIPLEX DRIVE MODE 
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Fig. 18 Synchronization of the cascade for the various PCF8566 drive modes. 


For single plane wiring of PCF8566s, see section “APPLICATION INFORMATION”. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range; see note Vop —0,5to+7 V 
LCD supply voltage range Vico Vpp —7 to Vpp V 
Input voltage range (SCL; SDA; 

AO to A2; OSC; CLK; SYNC; SAO) vy Vsgg --0,5 to Vpp + 0,5 V 
Output voltage range (SO to $23; 

BPO to BP3) Vo Vicp--0,5 to Vpp + 0,5 V 
DC input current +i max. 20 mA 
DC output current lo max. 25 mA 
Vop. Vss Or VLcCp current t!pp, + '!ss.=!Lep max. 50 mA 
Power dissipation per package Prot max. 400 mW 
Power dissipation per output Po max. 100 mW 
Storage temperature range Tsig —65 to+ 150 °C 
Note 


Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be 
totally safe, it is advised to take handling precautions appropriate to handling MOS devices (see 
‘Handling MOS devices’). 

DC CKARACTERISTICS 

Vss =O V: Vpp = 2,5 to6 V; Vicp = Vpp —2,5 to Vpp —6 V; 

Tamb = —40 to +85 °C; unless otherwise specified 


: { T T ] 

| parameter symbol | min. HI typ. max. | unit 

= 

| Operating supply voltage | Vpp 25 - 6 V | 
LCD supply voltage ViceD Vpp -6 - Vop —2,5 Vv 


(normal mode) at fo_K 


| | 

| Operating supply current 

| = 200 kHz (note 1) Ipp 
| 


Power-saving mode supply current 
at Vop =3.5V:Vicp=0V; 


fCLK = 35 kHz; AO, Al and A2 
tied to Vsg (note 1) 
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Universal LCD driver for low multiplex rates PCF8566 


parameter 
Logic 
Input voltage LOW 
Input voltage HIGH 
Output voltage LOW atig =O mA 
Output voltage HIGH at ig =O mA 
Output current LOW (CLK, SYNC) 
at VoL =1,0V;Vpp=5V 
Output current HIGH (CLK) 
at VoH = 4,0V; Vpp =5V 
Output current LOW (SDA; SCL) 
at VOL =0,4V;Vpp =5V 
Leakage current (SAO, CLK, OSC, AO, 
Al, A2,SCL, SDA) at Vj = Vss 
orVpp 
Pull-down current (AQ; A1; A2; OSC) 
at Vj =1 Vand Vpp =5V 


S Pull-up resistor (SYNC) 

iS Power-on reset level (note 2) 

Aa Tolerable spike width on bus 

= Input capacitance (note 3) 

°o 

re LCD outputs 

5 D.C. voltage component (BPO to BP3) 
at Cgp = 35 nF 

D.C. voltage component (SO to $23) 

at Cs = 5 nF 


Output impedance (BPO to BP3) 
at VLCp = Vpp —5 V (note 4) 
Output impedance (SO to $23) 
at VLCD = Vopb —5 V (note 4) 
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AC CHARACTERISTICS (note 5) 
Vss = 0 V; Vpp = 2,5 to 6 V; Vicp = Vpp —2.5 to Vpp —6 V: 
Tamb = —40 to +85 °C; unless otherwise specified 


Oscillator frequency (normal mode) 
at Vpp = 5 V (note 6) 


Oscillator frequency (power-saving 


fCLK 


mode) at Vpp = 3,5 V fCLKLP 
CLK HIGH time tCLKH 
CLK LOW time tCLKL i | = 
SYNC propagation delay tpsync | — = 
SYNC LOW time tsyncL | 1 - - us 
Driver delays with test loads 

atVicD=Vpp -5 V tPLCD 30 us 
C bus 
Bus free time tBUF 47 - - us 
Start condition hold time tHD; STA | 4 - = us 
SCL LOW time tLOW 47 ~ - us 
SCL HIGH time { tHIGH - us 
Start condition set-up time 

(repeated start code only) tSU; STA _ us 
Data hold time tHD; DAT = us 
Data set-up time tSU; DAT ns 
Rise time tr us 
Fall time tr ns 
Stop condition set-up time tsu; STO us 


Notes to characteristics 


Outputs open; inputs at Vss or Vpp; external clock with 50% duty factor; 1?C bus inactive. 
Resets all logic when Vpp < Vref. 

Periodically sampled, not 100% tested. 

Outputs measured one at a time. 


All timing values referred to Vj} and Vj\_ levels with an input voltage swing of Vss to Vpp. 


PAR wWN a 


At foLK < 125 kHz, 1?C bus maximum transmission speed is derated. 
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CLK 3,3k2 spa,scr SKS i 
0.5 Yop piedza} DD 
{pin 4) 12%) pins 1, (2%) 
ByNG 6.8k2 m* 
(pin 3) (2%) ce 
BPO to BP3 SO to $23 
(pins 13 to 16) S tioag © 25 HA (pins 1710 40) Se ag 1S HA 
7297490 
Fig. 19 Test loads. 
t 
5 1 
fees ee i ogetnees, 
mS fCLK é 
E -— te_KH —— i TeLKL ——e 
]™ H 
g | 
07V, 
a CLK ge 
(eo) 
tS 
Ww 
> 
Ww 
Q 


BPO to BPS 
S0 to $23 (Vpp =5V) 
0,5V 
—— tpico —> f 7297491 


Fig. 20 Driver timing waveforms. 
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PCF8566 


SDA 


SCL 


— 


THDISTA I S83) [= 


SDA 


7287013.2 'SU:STA 'su:STO 


Fig. 21 1?C bus timing waveforms. 


Purchase of Philips’ 1?C components conveys a license under the 
Philips’ I1?C patent to use the components in the 1?C-system 


BU Ss provided the system conforms to the I?C specifications defined 
by Philips. 
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7224062 


24 
'pp eee 


0) 
9 - Vopo (Vv) 8 
(a) Normal mode; Vicp = 0 V; (b) Low power mode; Vi cp = 0 V; 
external clock = 200 kHz. external clock = 35 kHz. 


Fig. 22 Typical supply current characteristics. 


7224053 7224054 


DEVELOPMENT DATA 


(a) Backplane output impedance BPO to BP3 (Rgp); (b) Segment output impedance SO to S23 (Rs); 
Vop = 5 V: Tamb = —40 to + 85 OC. Vpop =5V. 


Fig. 23 Typical characteristics of LCD outputs. 
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PCF8570 
PCF8570C 
PCF8571 


128 X 8-BIT/256 X 8-BIT 
STATIC RAMS WITH |?C-BUS INTERFACE 


GENERAL DESCRIPTION 


The PCF8570, PCF8570C and PCF8571 are low-power static CMOS RAMs. The PCF8570 and 
PCF8570C are organized as 256 words by 8-bits and the PCF8571 is organized as 128 words by 8-bits. 
Addresses and data aré transferred serially via a two-line bidirectional bus (I7C). The built-in word 
address register is incremented automatically after each written or read data byte. Three address pins 
AO, A1 and A2 are used for hardware address, allowing the use of up to eight devices connected to the 
bus without additional hardware. For system expansion over 8 devices the PCF8570/71 can be used in 
conjunction with the PCF8750C which has an alternative slave address for memory extension up to 

16 devices. 


Features 
© Operating supply voltage 2.5Vto6V © Serial input/output bus (!7C) 
@ Low data retention voltage min. 1.0V @ Address by 3 hardware address pins 
@ Low standby current max. 15 yA ® Automatic word address incrementing 
© Power saving mode typ. 50 nA @ 8-lead DIL package 
Applications 
® Telephony RAM expansion for stored numbers in repertory dialling 
(e.g. PCD3343 applications) 
@ Radio and television channel presets 
@ Video cassette recorder channel presets 
© General purpose RAM expansion for the microcontroller families MAB8400, 


PCF84CXX and most other microcontrollers 


PCF8570 
PCF8570C WORD 
PCF8571 AODRESS ROW MEMORY 
REGISTER SELECT CELL 
1 ARRAY 
AO 


Al 


3 


A2 
SCL 


6 - 
2, 
Is INPUT ry rc COLUMN MULTIPLEXER 
SDA FILTER BUS CONTROL SELECT 
SHIFT R/w 
REGISTER CONTROL 


a 


8 POWER 
Yoo ON 

4 RESET 
Vss () 

7 


; i 7290775. 
PACKAGE OUTLINES Fig.1 Block diagram. 775.3 


PCF8570/PCF8570C/ PCF8571/P: 8-lead DIL; plastic (SOT97). 
PCF8570/PCF8570C/ PCF8571/T: 8-lead mini-pack (SO8L; SOT176C). 
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PCF8570 


PCF8570C 
PCF8571 


PINNING 
1t03 AO to A2 address inputs 
4 Vss negative supply 
5 SDA serial data line ‘2C-bus 
6 SCL serial clock line | 
7 TEST test input for test speed-up; must be connected to Vgg when not in use 
(power saving mode, see Figs 12 and 13) 
8 Vpp positive supply 
ao [1 | 
ai [2] pcrss70 
PCFB570C 
a2[3] Pcres71 
Vss [4 | 
7287034.3 
Fig.2 Pinning diagram. 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
parameter symbol min. max. unit 
a r i 
{ Supply voltage range ! Vop -0.8 +8.0 Vv 
| Input voltage range , VI —0.8 Vpp+0.8 Vv 
DC input current ; tly - 10 mA 
DC output current | tlo - 10 mA 
Vpp or Vss current | +Ipp:+!ss ~ 50 mA 
Total power dissipation Prot - 300 mW 
Power dissipation per output Po = 50 mW 
Operating ambient temperature range Tamb —40 +85 oc 
Storage temperature range Tstg —65 el hes 150 | oc 4 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 


totally safe, it is good practice to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 


52-4 


IG 


BUS 


Purchase of Philips’ 17C components conveys a license under the 
Philips’ 1?C patent to use the components in the |?C-system 


provided the system conforms to the |?C specifications defined 
by Philips. 
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128 x 8-bit/256 x 8-bit static RAMs with |? C-bus interface 


CHARACTERISTICS 
Vop = 2.5 to 6 V; Vgs = 0 V; Tamb = —40 to + 85 OC unless otherwise specified 


= Sa ee SS SSS 
parameter conditions symbol | min. typ. | max. unit 
Supply i re. we a ba preny 
Supply voltage | | Vppb 12.5 = 6.0 Vv 
Supply current | Vy= Vpp or Vss | } 
operating fScL = 100 kHz lIpp  j- - 200 KA 
standby fscL =0 Hz | Ippo |- - 15 uA 
} | Tamb = —25 to +70 OC Ippo |- |— 5 BA 
Power-on reset level | note 1 | Vepor |1.5 1.9 | 2.3 Vv 
Inputs, input/output SDA | | | 
Input voltage LOW note 2 VIL —0.8 hs 03Vpp | V 
Input voltage HIGH note 2 | ViH 0.7Vpp | - Vpp+0.8| V 
Output current LOW VoL =0.4V | IOL 3 - - mA 
Leakage current Vi =Vpp or Vss | ILI - = 1 uA 
Inputs AO to A2; TEST | 
Input leakage current Vi=Vppor Vss =luy |- f= | 250 | nA 
Inputs SCL; SDA | | 
| Input capacitance | Vi=Vss | Cj _ = 7 pF 
‘LOW Vpp data retention | H 
| Supply voltage for | 
data retention | VppR /1 
| Supply current VppR=1V IDpDR |- 
Supply current VpDDR=1V; 
| Tamb = —25 to + 70 °C | IDDR j- 
| Power saving mode see Figs 12 and 13 
Supply current TEST =Vpp; 
Tamb = 25 °C 
PCF8570/PCF8570C IppR |- 
PCF8571 IDDR |- 
Recovery time fe tHp2 |- 


Notes to the characteristics 

1. The power-on reset circuit resets the |?C-bus logic when Vpp < Vpor. The status of the device 
after a power-on reset condition can be tested by sending the slave address and testing the 
acknowledge bit. 

2. If the input voltages are a diode voltage above or below the supply voltage Vpp or Vss an input 
current will flow: this current must not exceed + 0.5 mA. 
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PCF8570 
PCF8570C 
PCF8571 


CHARACTERISTICS OF THE I?C-BUS 


The I?C-bus is for 2-way, 2-line communication between different |Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 


via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 


during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


fl PL 
par 


1 
Gata line change } 
' stable ofdata | 
i Gata valid aiowed | 7287019 


Fig.3 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


, aoe eae | ra aa 
— t ' ae ' — 

1 i ! | 

SDA : H ; SDA 
i . ae | 
1 \ ! | 

SCL , / ott 
ings® 1 1 pal 
1 i ! ; 
| Lee ed 
q iti ith 

start condition stop condition 7287005 


Fig.4 Definition of start and stop conditions. 
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128 x 8-bit/256 x 8-bit static RAMs with 12C-bus interface 


System configuration 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is the ‘receiver’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the “’slaves’’. 


SDA 
SCL 


MASTER MASTER 
TRANSMITTER/ TRANSMITTER/ TRANSMITTER/ 
RECEIVER RECEIVER RECEIVER 


7287004 


Fig.5 System configuration. 


Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 

receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 

bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse, A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line 
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of 

the acknowledge related clock pulse, set-up and hold times must be taken into account. A master 
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last 

byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH 
to enable the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 
! 


SCL FROM r 
i -—— 
DATA OUTPUT ! 
BY TRANSMITTER ; 
DATA OUTPUT ae 
BY RECEIVER 


7287007 


Fig.6 Acknowledgement on the |?C-bus. 
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Timing specifications 


All the timing values are valid within the operating supply voltage and ambient temperature range and 
refer to Vj_ and V|} with an input voltage swing of Vss to Vpp. 


SCL clock frequency fscL ~ - 100 kHz 
Tolerable spike width on bus tsw - - 100 ns 

Bus free time tBUF | 4.7 = - us 
Start condition set-up time tSU;STA | 4.7 = = us 
Start condition hold time tHD;STA | 4.0 - - | ms 

SCL LOW time tLow 4.7 - = us 

SCL HIGH time tHIGH | 4.0 - - US 

SCL and SDA rise time tr - _ 1.0 us 

SCL and SDA fall time tf we = 0.3 us | 
Data set-up time tSU: DAT 250 } - = ns | 
Data hold time tHD: DAT | 0 - - ns 

SCL LOW to data out valid tVD; DAT - 3.4 us 

Stop condition set-up time tSU; STO - - US | 

oe hae 


START BIT? BIT 6 BIT O ACKNOW- | STOP 
PROTOCOL CONDITION MSB LsB LEDGE CONDITION 
(S) (A7) (A6) (R/W) | (A) (P) 
'SU;STA tlow "HIGH VMscr 


SDA 


72Z81193.2 tHD:STA 'su;DAT ‘HD: DAT 'VO; DAT tsu. STO 


Fig.7 1? C-bus timing diagram. 
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PCF8570C 


PCF8571 


128 x 8-bit/256 x 8-bit static RAMs with 12C-bus interface 


Bus protocol 


Before any data is transmitted on the |*C-bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. The |? C-bus 
configuration for different PCF8570/PCF8570C/PCF8571 READ and WRITE cycles is shown in Fig.8. 


acknowledge acknowledge acknowledge 
from slave from slave from slave 


{ | ! 
[S| pane aboness oA] wan hooks [oT 


{ 
R/W U—_—§ n bytes 


auto increment 
7Z87031.2 memory word address 


Fig.8(a) Master transmits to slave receiver (WRITE mode). 


acknowledge acknowledge acknowledge acknowledge 
from slave from slave from slave from master 


| 
| ! I t 
[s[ savatores ola]  woroasones [a[s | suveasoness sf] ona [asp 


i nif 

| at this moment master or 

= n bytes 
RIw transmitter becomes ib m 


master receiver and auto increment 
7290778.2 PCF8570/ word address 
PCF8570C/PCF8571 


n 
slave receiver becomes ress cor 


slave transmitter | 


4--(E 
U——— lastbyte i 


auto Increment 
word address 


Fig.8(b) Master reads after setting word address 
(WRITE word address; READ data). 


acknowledge acknowledge no acknowledge 
from slave from master from master 


i ' ' 
(saan De 


Rw -———n ae | ——_ last byte =f 


auto increment auto increment 
7290777 word address word address 


Fig.8(c) Master reads slave immediately after first byte (READ mode). 
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APPLICATION INFORMATION 


The PCF8570/PCF8571 slave address has a fixed combination 1010 as group 1, while group 2 is fully 


Programmable (see Fig.9). The PCF8570C has slave address 1011 as group 1, while group 2 is fully 
programmable (see Fig.10). 


| 


a group 1 ol< 


group 2 ——»| 7287030. 


Fig.9 PCF8570 and PCF8571 address. 


| | 
| group 1 at group 2—e! 7295973 


Fig.10 PCF8570C address. 


Note 


AO, A1, and A2 inputs must be connected to Vpp or Vgs but not left open-circuit. 
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128 x 8-bit/256 x 8-bit static RAMs with |? C-bus interface 


Voo 


SOA MASTER 


TRANSMITTER 


Von SCL 
PCF8570/ 

Al PCF8571 
*1010° 
TEST 


Vop up to8 PCF8570/PCF8571 
PCF8570/ 
Al PCFB8571 

1010 SDA 


TEST Vss 


Yop 
PCF8570/ 
Al PCF8571 

"1010" 


Yop R : pull-up resistor 


Vpo 


fix Trise 


Caus 


TEST 


PCF8570C 


"1011" 
TEST 


up to 8 additional 


Yop devices 


PCF8570C Sot using PCF 8570C 
(16 max.) 
*1011° 
TEST 
Vop 
PCF8570C 
Yop 
"1011 
v 
ee TEST 
SDA SCL 
(12 bus) 7290774,3 


It is recommended that a 4.7 uF/10 V solid aluminium capacitor (SAL) be connected between Vpp and 
Vss. 
Fig.11 Application diagram. 
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POWER SAVING MODE 


With the condition TEST = Vpp or Vppr the PCF8570/PCF8570C/PCF8571 goes into the power 
saving mode and |? C-bus logic is reset. 


power saving power saving 
=<— mode (1) ——»;«——— operating mode ————»|~— mode (2) —» 
| yest = Vopr TEST = Vop 
---—1———_- “op 
TEST ant —_— 
A | | | 58 eS ] \ ae 
SCL 
SDA 
Yoo 
‘pp 


= J5ne 
7296997 

(1) Power saving mode without 5 V supply voltage. 

(2) Power saving mode with 5 V supply voltage. 


(3) tgy and typ 1 > 4 us and tHp2 = 50 us. 


Fig.12 Timing for power saving mode. 


+| Yoor 
Al 1,2V 


(NiCd) 
AO 
U0 a 


7290776.3 


6 PCF8570 
PCF8570C 2 
PCF8571 


(1) In the operating mode TEST = 0; In the power saving mode TEST = Vppp. 


It is recommended that a 4.7 uF/10 V solid aluminium capacitor (SAL) be connected between VDD and 
Vss. 


Fig.13 Application example for power saving mode. 
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CLOCK/CALENDAR WITH SERIAL I/O 


GENERAL DESCRIPTION 


The PCF8573 is a low threshold, CMOS circuit that functions as a real time clock/calendar with an 

|? C-bus interface. 

The IC incorporates an addressable time counter and an addressable alarm register for minutes, hours, 
days and months. Three special control/status flags, COMP, POWF and NODA, are also available. 
Information is transferred via a serial two-line bidirectional bus (17). Back-up for the clock during 
supply interruptions is provided by a 1.2 V nickel cadium battery. The time base is generated from 

a 32.768 kHz crystal-controlled oscillator. 


Features 


© Serial input/output |? C-bus interface for minutes, hours, days and months 
Additional pulse outputs for seconds and minutes 

Alarm register for presetting a time for alarm or remote switching functions 
Battery back-up for clock function during supply interruption 

Crystal oscillator control (32.768 kHz) 


QUICK REFERENCE DATA 


parameter 


Supply voltage range 
clock (pin 16 to pin 15) 
1?C interface (pin 16 to pin 8) 


Crystal oscillator frequency 


PACKAGE OUTLINES 


PCF8573P: 16-lead DIL; plastic (SOT38). 
PCF8573T: 16-lead mini-pack; plastic (SO16L; SOT162A). 
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PRESCALER 
1-295 


SECONDS 
COUNTER 


POWER-ON 


TIME COUNTER EXTPF 


DAYS —> 
MINUTES —= HOURS —= DATE =— PFIN 


COMP 


TEST 


PCF8573 


7286691.1 


PINNING 
1 AO address input 
2 Al address input 
3 COMP comparator output 
4 SDA serial data line =| 12C-bus 
5 SCL serial clock line | 
6 EXTPF enable power fail flag input 
¥ PFIN power fail flag input 
8 Vss2 negative supply 2 (1?C interface) 
9 MIN one pulse per minute output 
10 SEC one pulse per second output 
11 FSET oscillator tuning output 
12 TEST test input; must be connected 
to Vssa when not in use 
13 OSCI oscillator input 
7286685.1 14 Osco oscillator input/output 

Fig.2 Pinning diagram. 15 Vss1 negative supply 1 (clock) 

16 Vop common positive supply 
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FUNCTIONAL DESCRIPTION 
Oscillator 


The PCF8573 has an integrated crystal-controlled oscillator which provides the timebase for the 
prescaler. The frequency is determined by a single 32.768 kHz crystal connected between OSCI and 
OSCO. A trimmer is connected between OSCI and Vpp. 


Prescaler and time counter 


The prescaler provides a 128 Hz signal at the FSET output for fine adjustment of the crystal oscillator 
without loading it. The prescaler also generates a pulse once a second to advance the seconds counter. 
The carry of the prescaler and the seconds counter are available at the outputs SEC, MIN respectively, 
and are also readable via the I?C-bus. The mark-to-space ratio of both signals is 1: 1. The time counter 
is advanced one count by the falling edge of output signal MIN. A transition from HIGH-to-LOW of 
output signal SEC triggers MIN to change state. The time counter counts minutes, hours, days and 
months, and provides a full calendar function which needs to be corrected once every four years. Cycle 
lengths are shown in Table 1. 


Table 1 Cycle length of the time counter 


unit number counting carry for content of 
of bits cycle following month 
unit counter 
minutes 7 00 to 59 
hours 6 00 to 23 
days 6 01 to 28 
01 to 30 
01 to 31 
months 5 01 to 12 


Note to Table 1 
1. Day counter may be set to 29 by a write transmission with EXECUTE ADDRESS. 


Alarm register 


The alarm register is a 24-bit memory. It stores the time-point for the next setting of the status flag 
COMP. Details of writing and reading of the alarm register are included in the description of the 
characteristics of the |?C-bus. 


Comparator 


The comparator compares the contents of the alarm register and the time counter, each with a length 
of 24 bits. When these contents are equal the flag COMP will be set 4 ms after the falling edge of MIN. 
This set condition occurs once at the beginning of each minute. This information is latched, but can be 
cleared by an instruction via the I?C-bus. A clear instruction may be transmitted immediately after the 
flag is set and will be executed. Flag COMP information is also available at the output COMP. The 
comparison may be based upon hours and minutes only if the internal flag NODA (no date) is set. 
Flag NODA can be set and cleared by separate instructions via the !?C-bus, but it is undefined until 


the first set or clear instruction has been received. Both COMP and NODA flags are readable via the 
1?C-bus. 
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FUNCTIONAL DESCRIPTION (continued) 
Power on/power fail detection 


If the voltage Vpp—Vssj falls below a certain value the operation of the clock becomes undefined. 
Thus a warning signal is required to indicate that faultless operation of the clock is not guaranteed. 

This information is latched in a flag called POWF (Power Fail) and remains latched after restoration 

of the correct supply voltage until a write procedure with EXECUTE ADDRESS has been received. 

The flag POWF can be set by an internally generated power fail level-discriminator signal for application 
with (Vpp—Vss}) greater than V7}41, or by an externally generated power fail signal for application 
with (Vpp—Vss1) less than V7}44. The external signal must be applied to the input PFIN. The input 
stage operates with signals of any slow rise and fall times. Internally or externally controlled POWF 

can be selected by input EXTPF as shown in Table 2. 


Table 2 Power fail selection 


power fail is sensed internally 
test mode 

power fail is sensed externally 
no power fail sensed 


0: connected to Vssj (LOW) 
1: connected to Vpp (HIGH) 


The external power fail control operates by absence of the Vpp—Vsso2 supply. Therefore the input 
levels applied to PFIN and EXTPF must be within the range of Vpp—Vssj. A LOW level at PFIN 
indicates a power fail. POWF is readable via the I?C-bus. A power on reset for the |?C-bus control is 
generated on-chip when the supply voltage Vpp—Vss? is less than V7 y42. 


Interface level shifters 


The level shifters adjust the 5 V operating voltage (Vpp—VssQ) of the microcontroller to the internal 
supply voltage (Vpp—Vsgs1) of the clock/calendar. The oscillator and counter are not influenced by 
the Vpp—Vsso2 supply voltage. If the voltage Vpp—Vssgz is absent (Vpp = Vssz) the output signal 
of the level shifter is HIGH because Vpp is the common node of the Vpp—Vsg2 and the Vpp—Vss1 
supplies, Because the level shifters invert the input signal, the internal circuit behaves as if a LOW signal 
is present on the inputs. FSET, SEC, MIN and COMP are CMOS push-pull output stages. The driving 
capability of these outputs is lost when the supply voltage Vpp—Vss2 = 0. 
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CHARACTERISTICS OF THE I?C-BUS 


The |? C-bus is for 2-way, 2-line communication between different |Cs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer (see Fig.3) 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


1 r 
I I eats 
= i =~ 
i I 
| 
{ 


1 
1 data line | change 
1 stable: | of data 
' data valid | allowed { 7287019 


Fig.3 Bit transfer. 


Start and stop conditions (see Fig. 4) 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to- LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


r= | oes ee | 
ats 1 1 ae | as 

1 t 1 

SDA i Now / \ Wey saa SDA 
! -- 1 
! ! ' 1 

SCL ; ' | ' SCL 
ica ee a 
| t---Jd 

start condition stop condition 


7287005 
Fig.4 Definition of start and stop conditions. 


System configuration (see Fig.5) 


A device generating a message is a ‘transmitter’, a device receiving a message is the “receiver”. The 
device that controls the message is the “‘master’’ and the devices which are controlled by the master 
are the ‘‘slaves’’. 


SDA 
SCL 


MASTER MASTER 
TRANSMITTER / TRANSMITTER/ ESTEE TRANSMITTER/ 
RECEIVER pECrIvES RECEIVER IRANSMURTER RECEIVER 


7Z87004 


Fig.6 System configuration. 
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CHARACTERISTICS OF THE 1?C-bus (continued) 
Acknowledge (see Fig.6) 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition, (See Fig.10 and Fig.11). 


start 


clock pulse for 
condition 


acknowledgement 


! 
: 
SCL FROM 1 
a ey SO ra a Cee cee 
Ss 
1 
| 


DATA OUTPUT : es: 
BY TRANSMITTER ; 


1 
Ss 


DATA OUTPUT i 
BY RECEIVER \ / 
7287007 
Fig.6 Acknowledgement on the |?C-bus. 
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Timing specifications 


All the timing values are valid within the operating supply voltage and ambient temperature range and 
refer to Vj_ and Vj} with an input voltage swing of Vss to Vop. 


parameter symbol 
SCL clock frequency fScL 


Tolerable spike width on bus tsw 
Bus free time tBUF 
Start condition set-up time tSU; STA 
Start condition hold time tHD; STA 
SCL LOW time tLow 
SCL HIGH time tHIGH 
SCL and SDA rise time tr 
SCL and SDA fall time tf 
Data set-up time tsuU; DAT 
Data hold time tHD; DAT 
SCL LOW to data out valid tVD; DAT 
Stop condition set-up time tsu; STO 
START BIT 7 BIT 6 BIT 0 ACKNOW- | STOP 
PROTOCOL CONDITION MSB LSB LEDGE CONDITION 
(A7) (A6} (R/W) | (A) P) 
'SU;STA ‘Low HIGH scr 


SCL 


SDA 


7Z81193.2 'HD:STA tsu;DAT ‘HD:DAT tvD; DAT tsu;sTO 


Fig.7 |*C-bus timing diagram. 
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ADDRESSING 


Before any data is transmitted on the |?C-bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. 


Slave address 


The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only 


an input signal, but the data signal SDA is a bidirectional line. The clock calendar slave address is shown 
in Fig.8. 


MSB LSB 


7286686 
Fig.8 Slave address. 


The subaddress bits AO and A1 correspond to the two hardware address pins AO and A1 which allows 
the device to have 1 of 4 different addresses. 


Clock/calendar READ/WRITE cycles 


The |?C-bus configuration for different clock/calendar READ and WRITE cycles is shown in Figs 9, 
10 and 11. 


acknowledge acknowledge acknowledge 
from siave from slave from slave 
Rwy | MSB LsB | 


CLOCK/CALENDAR M INTER 
fs | cobeaigiom [o]a] ~ voce ron Be 
r 
| n bytes 


’ 
auto increment 
of 81,80 
C2} C1)CO; 
7286687 


Fig.9 Master transmitter transmits to clock/calendar slave receiver. 


The write cycle is used to set the time counter, the alarm register and the flags. The transmission of the 
clock/calendar address is followed by the MODE-POINTER-WORD which contains a CONTROL-nibble 
(Table 3) and an ADDRESS-nibble (Table 4). The ADDRESS-nible is valid only if the preceding 


CONTROL-nibble is set to EXECUTE ADDRESS. The third transmitted word contains the data to be 
written into the time counter or alarm register. 
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Table 3 CONTROL-nibble 


2 | ta) Oe a Men tae eee 
execute address 

read control/status flags 

reset prescaler, including seconds counter; without carry for minute counter 
time adjust, with carry for minute counter (see note) 

reset NODA flag 

set NODA flag 
reset COMP flag 


ooooo°ce 
=a=—=-O0O00 
-oo--00 
o-o-0+0 


Note 


If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. —30 s. 
From the count 30 there is a carry which adjusts the time by max. + 30s. 


Table 4 ADDRESS-nibble 


BO | addressed to: 


time counter hours 
time counter minutes 
time counter days 
time counter months 
alarm register hours 
alarm register minutes 
alarm register days 
alarm register months 


--00--00 
ope Mee he ben =) 


0 
0 
10] 
0 
0 
0 
0 
0 


At the end of each data word the address bits B1, BO will be incremented automatically provided the 
preceding CONTROL-nibble is set to EXECUTE ADDRESS. There is no carry to B2. 


Table 5 shows the placement of the BCD upper and lower digits in the DATA byte for writing into the 
addressed part of the time counter and alarm register respectively. 


Table 5 Placement of BCD digits in the DATA byte 


v9 


Where: 


"X'’ is the don’t care bit 
"D” is the data bit 
Acknowledgement response of the clock calendar as slave receiver is shown in Table 6. 
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ADDRESSING (continued) 
Table 6 Slave receiver acknowledgement 


acknowledge on byte 
address | mode pointer | data 


0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


“ee eA OOOOO 
“xe A OoOOR ROOD 
x? Oo7OrOH00 
xxx xx KKK KX 
xxx «KKK KK KK 


Where: 
"'X"' is the don’t care bit. 


Table 7 Organization of the BCD digits in the DATA byte 


MSB DATA 


upper digit lower — 


D D |D D D hours 
D DED D minutes 
: D {|D D days 
D |D D months 
pial ead NODA| COMP | POWF | control/status flags 


Where: 


"D” is the data bit 
* = minutes 
** = seconds. 


000 
ooo 


oO 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter condition | symbol | min. zi max. | unit 
+ OT oe oh a sale | 


Supply voltage range 


pin 16 to pin 15 Vpp-Vss1 —0.3 8.0 Vv 
pin 16 to pin 8 Vpp_-Vss2 —0.3 8.0 Vv 
Voltage input | 
pins 4 and 5 note 1 vy | Vsso-0.8 | Vpp+08 | Vv 
| pins 6, 7, 13 and 14 v\ Vss1—0.6 | Vpp+0.6 Vv | 
any other pin | VI Vss2—0.6 | Vpp+0.6 | V | 
Input current ly } — | 10 mA 
Output current lo = 10 mA 
Power dissipation 
| per output Po - 100 mW 
Total power dissipation Prot - 200 mW 
Operating ambient 
temperature range Tamb —40 +85 oc 
L Storage temperature range Tstg —55 +125 oc | 
a 


Note to the Ratings 
1. With input impedance of minimum 500 2. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS devices’). 
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CHARACTERISTICS 


Vss2 = 0 V; Tamb = —40 to + 85 OC unless otherwise specified. Typical values at Tamb =+ 25 OC 


parameter 


Supply 

Supply voltage 
|?C interface 
clock 


Supply current 
Vssi1 (pin 15) 


Vgs2 (pin 8) 


Input SCL; 
input/output SDA 


Input voltage LOW 
Input voltage HIGH 


conditions ‘symboi [e 


tHD; DAT 2 
300 ns 


Vpp-—Vssi=1.5V 
Vpp-Vssi=5V 


Vpp-Vss2=5 V; 
IE =Oall outputs 


Leakage current 
Input capacitance 


Inputs AO, A1, 
TEST 


Input voltage LOW 
Input voltage HIGH 
Input leakage current 


V1=Vss2 or Vop 


V1=Vss2 or VDD 


Inputs EXTPF, 
PFIN 


Input voltage LOW 


Input voltage HIGH 
Input leakage current 


V1=Vssi to Vop 
Tamb = 25 °C; 
V1=Vss1 to VoD 


Vpp-—Vss2 


Vpp-Vss1 


—Issi 
—Iss1 


—lIss2 


ul 


2.5 6.0 

11 Vpp-Vss2 
0.7 Vpp 
0.7Vpp 
fe 

0 

0.7 Vpp-—Vss1 
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CHARACTERISTICS (continued) 


conditions symbol | min. unit 
Output SDA 
(n channel open drain) 
Output “ON” lo =3 mA; 
Vpp-—Vss2 = 2.5 to 
to6V VoL |- —- | 04 Vv 
] 
Leakage current Vpp-Vss2 =6 V; 
Vo=6V i ILI - - 1 uA 
\ 
Outputs | 
Outputs SEC, MIN, COMP, FSET | | 
(normal buffer outputs) 
Output voltage LOW Vpp-Vss2=2.5V; | 
19 = 0.3 mA IVoL |- toes 04 |v 
Vpp—-Vss2 = 4 to 6 V; | 
Io = 1.6 mA VOL - - 0.4 Vv 
Output voltage HIGH Vpp-—Vss2 = 2.5 V; | 
—lg =0.1 mA \VoH |Vpp—0.4 | — =p enete 
Vpp-—-Vss2 =4to6 V; 
—!l9 =0.5mA {VOH |Vpp-—0.4 | — - Vv 
Internal threshold voltage 
Power failure detection VTH1 {1 1.2 1.4 Vv 
Power “ON” reset | VTH2 |1.5 2.0 2.5 Vv 
| 
| | 
| Rise and fall times of | | 
input signals | | | 
Input EXTPF | tr, tf - _ 1 us | 
Input PFIN tr,te |- - oo ws | 
Input signals except EXTPF 
and PFIN between Vj, and 
ViH levels | 
rise time | 
fall time 
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Parameter conditions 


[symbot_[min. | rp. | max. | unit _| 


40 

3 

2x 10-7 
10 


Oscillator 
Integrated oscillator 
capacitance 


Oscillator feedback 
resistance 


Oscillator stability A(Vpp-Vss1) 
= 100 mV; at 
Vpp—Vssi1 = 1.55 V; 
Tamb = 25 °C 


f = 32.768 kHz 


Quartz crystal parameters 


Series resistance 


Trimmer capacitance 


ann capacitance 


| March 1989 343 


PCF8573 | | 


APPLICATION INFORMATION 


R: pull-up resistor 


Ge 
eT, 
iF o 
A 
Me, 


| SDA MASTER DEVICE 
| sc MICROCONTROLLER 


PCFB8570 
128 x 8 BIT STATIC CMOS RAM 


PCF8577 


64LCD 
SEGMENT DRIVER 
PCF8573 


Ai_Yss2_ Test ssi 


8 DIGIT LCD 


detection circuit 
with very high 
impedance 


17C bus 7286688.3 


Fig.12 Application example of the PCF8573 clock/calendar. 


+5V 


= 
SCL SDA Vpp SCL SDA Vpp 
$4 40 
osc! 
MASTER . PCF8573 
MICRO - : PCF8571 
CONTROLLER : 


Vss 


7287945.4 


Fig.13 Application example of the PCF8573 with common Vgsq and Vss2 supply. 
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12 7224490 


Vop-Yss1 '¥) 


Fig.14 Typical supply current (—Igs1) as a function of clock supply voltage (Vpp—Vss}) at 
Tamb = —40 to +85 °C. 


(| ( Purchase of Philips’ 1?C components conveys a license under the 


Philips’ 1?C patent to use the components in the |?C-system 


BUS provided the system conforms to the |?C specifications defined 
by Philips. 
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REMOTE 8-BIT 1/O EXPANDER FOR |?C-BUS 


GENERAL DESCRIPTION 


The PCF8574 is a single-chip silicon gate CMOS circuit. It provides remote |/O expansion for the 
MAB8400 and PCF84CXX microcontroller families via the two-line serial bidirectional bus (1?C). 

It can also interface microcomputers without a serial interface to the 1? C-bus (as a slave function only). 
The device consists of an 8-bit quasi-bidirectional port and an |?C interface. 

The PCF8574 has low current consumption and includes latched outputs with high current drive 
capability for directly driving LEDs. It also possesses an interrupt line (INT) which is connected to the 
interrupt logic of the microcomputer on the |? C-bus. By sending an interrupt signal on this line, the 
remote |/O can inform the microcomputer if there is incoming data on its ports without having to 
communicate via the |? C-bus. This means that the PCF8574 can remain a simple slave device. 


The PCF8574 and the PCF8574A versions differ only in their slave address as shown in Fig.9. 


Features 

@ Operating supply voltage 25VtobBV 

@ Low stand-by current consumption max. 10 uA 

© Bidirectional expander 

@ Open drain interrupt output 

® 8-bit remote I/O port for the |? C-bus 

© Peripheral for the MAB8400 and PCF84CXX microcontroller families 

@ Latched outputs with high current drive capability for directly driving LEDs 

® Address by 3 hardware address pins for use of up to 8 devices (up to 16 with PCF8574A) 


’ "ar 
PCF8574 


PCF8574A 
Ao — 
Ai — 
A2 
SCL INPUT \2c BUS 
SDA FILTER CONTROL SHIFT 
REGISTER 
write pulse 
Voo 
Vss 


72Z85821.2 


Fig.1 Block diagram. 
PACKAGE OUTLINES 


PCF8574P, PCF8574AP: 16-lead DIL; plastic (SOT38). 
PCF8574T, PCF8574AT: 16-lead mini-pack; plastic (SO16L; SOT162A). 
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PINNING 


7287597.1 Fig.2 Pinning diagram. 
1to3 AO to A2 address inputs 
sai ey Set 8-bit quasi-bidirectional 1/O port 
9 to 12 P4 to P7 | 
8 Vss negative supply 
13 INT interrupt output 
14 SCL serial clock line 
15 SDA serial data line 
16 Vpp Positive supply 


write pulse 


data from 
shift register 


POtoP? 
power-on 
reset 
Vss 
read pulse 


data to 
shift register 


to interrupt 
logic 


7287598.1 


Fig.3 Simplified schematic diagram of each port. 
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Remote 8-bit I/O expander for !?C-bus 


CHARACTERISTICS OF THE 1|’C-BUS 


The |?C-bus is for 2-way, 2-line communication between different ICs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


data line i change } 
\ stable of data 
' data valid | allowed | 7287019 


Fig.4 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


reo--=4 cS 3 
SDA rN / \ 1 fie SDA 
—— i 
i i ! 
SCL l H ‘ SCL 
s ! © spp it 
i 1 ! ' 
eee Eee ans 
start condition stop condition 


7287005 
Fig.5 Definition of start and stop conditions. 


System configuration 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is the ‘‘receiver’’. The 
device that controls the message is the ‘’master’’ and the devices which are controlled by the master 
are the ‘‘slaves’’. 


SDA 
SCL 


MASTER MASTER 
" R 
TRANSMITTER/ RECEIVER TRANSMITTER/ TRANSMITTER/ 
RECEIVER RECEIVER RECEIVER 


7287004 


Fig.6 System configuration. 
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CHARACTERISTICS OF THE I?C-BUS (continued) 
Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 

receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 

bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 


has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 
1 


SCL FROM 
} ae! 
DATA OUTPUT ve 
BY TRANSMITTER A 
DATA OUTPUT a 
BY RECEIVER 


7287007 


Fig.7 Acknowledgement on the |? C-bus. 
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Timing specifications 
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PCF8574A 


1? C-bus 


All the timing values are valid within the operating supply voltage and ambient temperature range and 
refer to Vj__ and Vy with an input voltage swing of Vgg to Vpp. 


parameter symbol ij min. | typ. | max. | unit 
r ——= T i f ; 
| SCL clock frequency 1 fSCL } — | - 100 kHz 
Tolerable spike width on bus tsw | = | - 100 ns 
| Bus free time tBUF | 4.7 i- = | HS 
Start condition set-up time tSU:STA 4:7, = a | us 
Start condition hold time tHD:STA | 4.0 | a - us | 
SCL LOW time tLow | 47 | - = us 
SCL HIGH time THIGH | 4.0 | = = bs 
SCL and SDA rise time | ty } — - 1.0 us 
SCL and SDA fall time ty phe | - 0.3 us 
| Data set-up time | tSU; DAT | 250 | = - ns 
Data hold time | tHD: DAT 0 | - = ns 
SCL LOW to data out valid | tvD; DAT | ~ } — 3.4 us 
Stop condition set-up time | tsu: STO | 4.0 = - us 
START BIT 7 BIT 6 BIT O ACKNOW- | STOP 
PROTOCOL CONDITION MSB LSB LEDGE CONDITION 
(S) (A7) (A6) (R/¥4) (A) (P) 
'SU/STA ‘low ‘HIGH Visco. 
SCL 
SDA 
7281193.2 'HD.STA 'sU.DAT 'HD. DAT 'VD; DAT 'su:STO 
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Fig.8 |?C-bus timing diagram. 
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Interrupt (see Figs 12 and 13) 


The PCF8574/PCF8574A provides an open drain output (INT) which can be fed to a corresponding 
input of the microcomputer. This gives these chips a type of master function which can initiate an 
action elsewhere in the system. 


PCF8574 = PCF 8574 PCF8574A 
Yop a) (2) (16) 


INT. 


MICROCOMPUTER 


iNT 


7287599.1 
Fig.12 Application of multiple PCF8574s with interrupt. 


An interrupt is generated by any rising or falling edge of the port inputs in the input mode. After time 
tiy the signal INT is valid. 

Resetting and reactivating the interrupt circuit is achieved when data on the port is changed to the 
original setting or data is read from or written to the port which has generated the interrupt. 
Resetting occurs as follows: 

e@ Inthe READ mode at the acknowledge bit after the rising edge of the SCL signal. 

@ In the WRITE mode at the acknowledge bit after the HIGH-to-LOW transition of the SCL signal. 


Each change of the ports after the resettings will be detected and after the next rising clock edge, will 
be transmitted as INT. 
Reading from or writing to another device does not affect the interrupt circuit. 


slave address (PCF8574) data from port 
» Go eee p> oor 
$ 4 | $ t 
start condition R/W | acknowledge PS stop 

| from slave condition 
| 
| 
| 

scL 1 2 3 4 5 6 7 8 


le tj | 72875941 
>| j= tiy —- le tip 


Fig.13 Interrupt generated by a change of input to port P5. 
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Remote 8-bit !/O expander for !?C-bus 


FUNCTIONAL DESCRIPTION (continued) 
Quasi-bidirectional I/O ports (see Fig. 14) 


A quasi-bidirectional port can be used as an input or output without the use of a control signal for 
data direction. At power-on the ports are HIGH. In this mode only a current source to Vpp is active. 
An additional strong pull-up to Vpp allows fast rising edges into heavily loaded outputs. These devices 
turn on when an output is written HIGH, and are switched off by the negative edge of SCL. The ports 
should be HIGH before being used as inputs. 


slave address (PCFB574A) data to port data to port 
ee" __,7 —— 7 
og OS CO Se ee 
‘ 4 ' 4 1 
from slave 


\ 
Sch 1i2La_ia\_/s\_ Jee 
! 1 
1 1 
P3 ! 4 
OUTPUT 
VOLTAGE 1 : 
! 
i i 
P3 i! ry 
PULL-UP Le 
OUTPUT 
CURRENT 7! ry 
t 


' 
' 
tour, 72875951 "lon 


Fig.14 Transient pull-up current Igy ¢ while P3 changes from LOW-to-HIGH and back to LOW. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter 


Supply voltage range Vpp 

Input voltage range V\ 

OC input current +t) 

DC output current tlo 

Vpp or Vgg current +Ilpp: + Iss 
Total power dissipation Prot 

Power dissipation per output Po 
Operating ambient temperature range Tamb 


Storage temperature range Tstg 


HANDLING 

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 
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CHARACTERISTICS 
Vop = 2.5 to 6 V; Vsg = 0 V; Tamb = —40 to + 85 OC unless otherwise specified 


Supply 
Supply voltage 
Supply current 
i | Vss 

operating | f5c¢L = 100 kHz | Ipp b= ' 40 | 100 BA 

standby | ‘Ippo - 2.5 | 10 pA 

Power-on reset level | note 1 'Vpar |— 11.3 | 2.4 Vv 

| 
Input SCL; input/output SDA | 
| Input voltage LOW Vit | -0.5 — |03Vpp |v 
| Input voltage HIGH ‘Vin |0.7Vpp |- |Vpp+0.5/ Vv 
Output current LOW | VoL =0.4V lou /3 - |- mA 
Leakage current |Vi=Vppor | 
Vss | Itt = eae Ie BA 
Input capacitance (SCL, SDA) | Vj = Vss | Cy - - 7 pF 
} | 
1/O ports | 
Input voltage LOW VIL | -0.5 |— |03Vpp \V 
Input voltage HIGH | IVin |0.7Vpp |- |Vpp+os|/v | 
Maximum allowed input | 

current through | Vi =Vpp or 

protection diode <Vss ;thHe |- - 400 LA 
Output current LOW | VoL=1V; 

| Vpp =5V HloL 10 25 |- mA 
Output current HIGH | Von = Vss !OH 30 — | 300 HA 
Transient pull-up current 

HIGH during acknowledge | VOyH = Vss; 

(see Fig.14) Vpp =2.5V -lont |- 1 mA 
Input/Output capacitance Cio - - 10 pF 
Port timing 
(see Figs 10 and 11) C_ = < 100 pF 
Output data valid 


Input data set-up 
Input data hold 


PCF8574 
PCF8574A 


Remote 8-bit !/O expander for I?C-bus 


parameter conditions 
| Interrupt INT } 
Output current LOW | VoL =0.4V 
Leakage current Vi=Vppor | 1 
| Vss ae \- etait laa 
al | | 
INT timing | | | 
(see Figs 11 and 13) CL = < 100 pF | 
| Input data valid tiy - - 14 us 
Reset delay tir | = |- 4 us 
| | 
Select inputs AO, A1, A2 | | | 
Input voltage LOW | | —0.5 - 0.3Vpp Vv 
Input voltage HIGH 0.7Vpp | - Vpop + 0.5| V 
Input leakage current pin at Vpp or 
Vss - 250 nA 


eas 


Note to the characteristics 


1. The power-on reset circuit resets the 1?C-bus logic with Vpp < Vpor and sets all ports to logic 1 
(with current source to Vpp). 


Purchase of Philips’ 1?>C components conveys a license under the 
Philips’ 12C patent to use the components in the I?C-system 
BU Ss provided the system conforms to the |?C specifications defined 
by Philips. 
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7224449.1 


(1) Tamb = —40 °C 

(2) Tamb = + 25 OC 

(3) Tamb =+ 85°C 

Fig.15 Typical standby current (Ippo) 
as a function of supply voltage (Vpp). 


7224450 


200 


'ou 
(aA) 


(1) Tamb = —40 °C 

(2) Tamb = + 25 °C 

(3) Tamb=+85 °C 

Fig.16 Typical port output current HIGH 
(IQ) as a function of supply voltage 


(Vpp); Vou = Vss- 


7Z24451 


: Yoo) i 

(1) Tamb = —40 °C 

(2) Tamb = + 25 °C 

(3) Tamb = + 85 OC 

Fig.17 Typical port output current LOW (Ig) 
as a function of supply voltage (Vpp); VoL=1V. 
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UNIVERSAL LCD DRIVER FOR LOW MULTIPLEX RATES 


GENERAL DESCRIPTION 


The PCF8576 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having 
low multiplex rates. It generates the drive signals for any static or multiplexed LCD containing up to 
four backplanes and up to 40 segments and can easily be cascaded for larger LCD applications. The 
PCF8576 is compatible with most microprocessors/microcontrollers and communicates via a two-line 
bidirectional bus (1?C). Communication overheads are minimized by a display RAM with auto- 
incremented addressing, by hardware subaddressing and by display memory switching (static and 
duplex drive modes). 


Features 


® Single-chip LCD controller/driver 

® Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing 

® Selectable display bias configuration: static, 1/2 or 1/3 

@ Internal LCD bias generation with voltage-follower buffers 

© 40 segment drives: up to twenty 8-segment numeric characters; up to ten 15-segment alphanumeric 
characters; or any graphics of up to 160 elements 

40 x 4-bit RAM for display data storage 

Auto-incremented display data loading across device subaddress boundaries 

Display memory bank switching in static and duplex drive modes 

Versatile blinking modes 

LCD and logic supplies may be separated 

Wide power supply range: from 2 V for low-threshold LCDs and up to 9 V for guest-host LCDs and 
high-threshold (automobile) twisted nematic LCDs 

Low power consumption 

Power-saving mode for extremely low power consumption in battery-operated and telephone 
applications 

1?C-bus interface 

TTL/CMOS compatible 

Compatible with any 4-bit, 8-bit or 16-bit microprocessors/microcontrollers 

May be cascaded for large LCD applications (up to 2560 segments possible) 

Cascadable with the 24-segment LCD driver PCF8566 

Optimized pinning for single plane wiring in both single and multiple PCF8576 applications 
Space-saving 56-lead plastic mini-pack (VSO56) 

Very low external component count (at most one resistor, even in multiple device applications) 
Compatible with chip-on-glass technology 

Manufactured in silicon gate CMOS process 


i} 
l Purchase of Philips’ 17>C components conveys a license under the 
Philips’ 12C patent to use the components in the !?C-system 
BUS provided the system conforms to the I?C specifications defined 
by Philips. 


PACKAGE OUTLINES 


PCF8576T: 56-lead mini-pack; plastic (VSO56; SOT 190). 
PCF8576U: uncased chip in tray 
PCF8576U/10: chip-on-film frame carrier (FFC) 
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Universal LCD driver for low multiplex rates PCF8576 


PINNING 
B38 1 SDA 1?C-bus data input/output 
[55] S38 2 SCL {?C-bus clock input/output 
[54] $37 3 SYNC cascade synchronization input/output 
[53] $36 4 CLK external clock input/output 
fs2] sas 5 Vop positive supply voltage 
6 OSC oscillator input 
[51] s34 7 AO 
$33 8 Al 1?C-bus subaddress inputs 
men 9 A2 
ae 10 SAO |?C-bus slave address bit O input 
11 Vss logic ground 
£38 12 Vicp LCD supply voltage 
[46] s29 13. BPO | 
[45] $28 ‘ a LCD backplane outputs 
[44] s27 16 BP | 
$26 17 so | 
PCF8576T t 
haa] s25 ve ee | LCD segment outputs 


si4 


$12 


72914762 


Fig. 2 Pinning diagram. 
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FUNCTIONAL DESCRIPTION 


The PCF8576 is a versatile peripheral device designed to interface any microprocessor/microcontroller to 
a wide variety of LCDs. It can directly drive any static or multiplexed LCD containing up to four back- 
planes and up to 40 segments. The display configurations possible with the PCF8576 depend on the 
number of active backplane outputs required; a selection of display configurations is given in Table 1. 


Table 1 Selection of display configurations 


active back- no. of 7-segment 14-segment dot matrix 
plane outputs segments numeric alphanumeric 
20 digits + 10 characters + 160 dots 
20 indicator 20 indicator (4 x 40) 


symbols symbols 


15 digits + 
15 indicator 
symbols 


8 characters + 
8 indicator 
symbols 


120 dots 
(3 x 40) 


10 digits + 
10 indicator 
symbols 


5 characters + 
10 indicator 
symbols 


5 digits + 
5 indicator 
symbols 


2 characters + 
12 indicator 
symbols 


All of the display configurations given in Table 1 can be implemented in the typical system shown in 
Fig.3. The host microprocessor/microcontroller maintains the 2-line |?C-bus communication channel 
with the PCF8576. A resistor connected between OSC (pin 6) and Vgg (pin 11) controls the device 
clock frequency. The appropriate biasing voltages for the multiplexed LCD waveforms are generated 
internally. The only other connections required to complete the system are to the power supplies 
(Vpp, Vss and Vicp) and to the LCD panel chosen for the application. 


LCD PANEL 
| 
MICRO— 17-56 


PROCESSOR/ PCF8576 
MICRO— 
CONTROLLER 


(up to 160 
elements) 


7291464,2 


Fig.3 Typical system configuration. 
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Power-on reset 


At power-on the PCF8576 resets to a defined starting condition as follows: 
. All backplane outputs are set to Vpp. 

. All segment outputs are set to Vpp. 

. The drive mode ‘1 : 4 multiplex with 1/3 bias’ is selected. 

. Blinking is switched off. 

. Input and output bank selectors are reset (as defined in Table 5). 

. The I? C-bus interface is initialized. 


NOohrwWnNrd — 


. The data pointer and the subaddress counter are cleared. 


Data transfers on the |?C-bus should be avoided for 1 ms following power-on to allow completion of the 
reset action. 


LCD bias generator 


The full-scale LCD voltage (Vp) is obtained from Vpp — Vicp. The LCD voltage may be temperature 
compensated externally through the V; cp supply to pin 12. Fractional LCD biasing voltages are obtained 
from an internal voltage divider of three series resistors connected between Vpp and V_cp. The centre 
resistor can be switched out of circuit to provide a % bias voltage level for the 1 : 2 multiplex configuration. 


LCD voltage selector 


The LCD voltage selector coordinates the multiplexing of the LCD according to the selected LCD drive 
configuration. The operation of the voltage selector is controlled by MODE SET commands from the 
command Gecoder, The biasing configurations that apply to the preferred modes of operation, together 
with the biasing characteristics as functions of Von = Vpp — VLcp and the resulting discrimination 
ratios (D), are given in Table 2. 


Table 2 Preferred LCD drive modes: summary of characteristics 


LCD drive mode LCD bias Voff (rms) Von (rms) 3 Von (rms) 
Voff (rms) 


configuration 


static (1 BP) static (2 levels) oo 
1: 2 MUX (2 BP) 1/2 (3 levels) /2/4 = 0.354 | ./10/4 = 0.791 /5 = 2.236 


1: 2 MUX (2 BP) 1/3 (4 levels) 1/3 = 0.333 V5/3 = 0.745 | \/5= 2.236 
1: 3 MUX (3 BP) 1/3 (4 levels) 1/3 = 0.333 V33/9 = 0.638 | \/33/3 = 1.915 
1 


: 4 MUX (4 BP) 1/3 (4 levels) 1/3 = 0.333 J/3/3 = 0.577 | \/3= 1.732 


March 1987 363 


PCF8576 


LCD voltage selector (continued) 


A practical value for Vop is determined by equating Voff (rms) With a defined LCD threshold voltage 
(Vth), typically when the LCD exhibits approximately 10% contrast. In the static drive mode a 
suitable choice is Voy 2 3 Vth. 


Multiplex drive ratios of 1: 3 and 1 : 4 with 1/2 bias are possible but the discrimination and hence the 
contrast ratios are smaller \/3 = 1.732 for 1: 3 multiplex or\/21/3 = 1.528 for 1 : 4 multiplex). 
The advantage of these modes is a reduction of the LCD full scale voltage Vop, as follows: 


1: 3 multiplex (1/2 bias) : Vop = \/6 Voft (rms) = 2-449 Voff (rms) 
1: 4 multiplex (1/2 bias) : Vop = 4/3/3 Vott (rms) = 2-309 Vof (rms) 
These compare with Vop = 3 Voff (rms) When 1/3 bias is used. 


LCD drive mode waveforms 


The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and 
segment drive waveforms for this mode are shown in Fig.4. 


[7 Trame™™} LCD segments 
Yoo — 


BPO 


Vico —— / \ 


Vppie— 


state 1 State 2 
Sp | | | fon) (off) 
Vico — 
Vpp — 
Sn+1 | | | 
Vico 


(a) WAVEFORMS AT DRIVER 


Vi 


‘op 
tdi At any instant (t): 
Vstate 1(t) = Vg. (t) — Vepolt) 
fe = Von (rms) = Vop 
z Vstate 2(t) = Vs. 4(t) — Vepolt) 
Voff (rms) = 0 V 
state 2 oO ——_—_—_. 
Veo: — 


{b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 
7291465 


Fig.4 Static drive mode waveforms: Vop = Vop — Vi cp: 
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When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8576 
allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6. 


——— Thrame aa 


Yoo ————— | 
BPO (Vpn + icp) /2— = feu 
Vico —————_ 
Vv; en 
DD a, 
BP1 = (Yoo * Vico) /2 — 
‘ico 
Yoo 
Sn 
‘io ——— 
Vop ——>—— 
Sn+1 | | | | | 
Vico-———— 


(a) WAVEFORMS AT DRIVER 


Vop 
Vop/2 At any instant (t): 
sutel 0 Vetate 1(t) = A (t) — Vepolt) 
—Vop/2 ———— 
ise Von (rms) = =o0y/ = 0.791 Vop 
Noo 


Vstate 2(t) = Vs_(t) — Vep1(t) 


Vop/2 ———— 
| | | v 
state 2 0 ———__ Voff (rms) = v2 = 0.354 Vop 
-Vop/2 ———— 


7291477 
(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 


Fig.5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: Von = Vpp — VLCD- 
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LCD drive mode waveforms (continued) 


Ty = 
frame LCD segments 
Vop ————— 
Vpp—Vop/3 — 
BRO eae 
Vop-2 Vop/3 — 
Vicp ———— ae 
state 1 
Yoo state 2 
Vop—-Vop/3 — 
PI ee > 
Vpp-2 Vop/3 — 
Vico ———— 
Vop—_— 
Vop—Vop/3 —— 
Sn Vpp-2Vop/3 — 
Vico ————_ 
Vpp 


Vpp—Vop/3 — 
Sn+1 pp= son 

Vpp-2 Vop/3 — 

Vico ————_ 


{2) WAVEFORMS AT DRIVER 


Vop 
et At any instant (t): 
Vop!/3 
cate 0 ——— Vstate 1{t) = Vs, (t) — Vepolt) 
~Vop/3 Vo 
oe Von (rms) = vs = 0.745 Vop 
—Vop 
Vstate 2(t) = Vs. (t) — Vep4(t) 
2Vop/3 ? 
ve3— = _ Vop_ 
a elt Lt Voff (rms) = =~ = 0.333 Vop 
“Vo /3———— 
-2Vop/3 
—Vop 


7291466 
{b) RESULTANT WAVEFORMS 


AT LCD SEGMENT 


Fig.6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Von = Vpp — VLCD- 


The backplane and segment drive waveform for the 1 : 3 multiplex drive mode (three LCD backplanes) 
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively. 
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BPO 


BPI 


BP2 


Sn+1 


Sn+2 


state 1 


state 2 


Voo ——————- 
Vop-VYop/3 — 
Vop-2 Vop/3 — 


Vicp 
Voo pclae 


immeimne Wl fray a LCD segments 


Vop-Vop/3 — ck < 
Vpp-2 Vop/3 — 

Vico 

iD 

Vop-Vop/3 — 

VoD ~—2 Vop/3 — 

Vicp 

Voo —————__ 

VoD-Vop/3 — 

Vpp—-2 Vop/3 — 

Vico 

Yoo 

Vpp-Vop/3 — 

Vpp-2 Vop/3 — 

VicD 

yo 

Vpo-VYop/3 — 

Vpp -2 Vop/3 — 

Vico 

(a) WAVEFORMS AT DRIVER 


hed PuLe At any instant (t): 
‘en ——t- Vstate 1(t) = Vg, (t) — Vepolt) 


Vv 
mt ey yee Von (rms) = v3 = 0.638 Von 


“Monsey Vstate 2 (t) = Vs. (t) — Vapi (t) 


Vv 
Voff (rms) = ae = 0.333 Vop 


1 

< < 
gf og 
a 
wo wo 


Non 7291478 
(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 


Fig.? Waveforms for 1 : 3 multiplex drive mode: Von = Vpp — VLcp: 
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LCD drive mode waveforms (continued) 


BPO 


BPI 


BP2 


BP3 


Sn 


Snatt 


Sn+2 


Sn+3 


state 1 


state 2 


368 


Yop 
Vop-Vop/3 — 
Vpp-2Vop/3 — 
Vico 

io ————— 
Vop-Vop/3 — 
Vop—2 Voo/3 — 
Vico 

Yop ————_ 
Vop-Voo/3 — 
Vod-2 Vop/3 — 
Vico 


| 
| 


yoo ————— 
Ni-Mgi— 


Vpp-2 Vop/3 — 
Vicp 
Vpp —————_ 
Vpp-Vop/3 — 
Vpp-2 Vop/3 — 
Vicp 
Vop——$—$_ 
Vpp-Yop/3 — 
Vpp-2Vop/3 — 
Vicb 
Yop 
Vop-Vop/3 — 


VoD-—2 Vop/3 — 


Vico 
va 
Yop —Vop/3 —— 
Vpp-2 Vop/3 — 
Vico 


Vop 
2Vop/3 
Vop/3 


{a) WAVEFORMS AT DRIVER 


{b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 


Tirame 


LCD segments 


At any instant (t): 
Vstate 1(t) = 
Vs,(t) — Vepolt) 


Von (rms) = 

Vop 

V3 = 0.577 Vop 
Vstate 2(t) = 


Vg,,(t) — Vep1(t) 
Voff (rms) = 


Fig.8 Waveforms for 1 : 4 multiplex drive mode: Von = Vpp — Vicp- 
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Oscillator 


Internal clock 


The internal logic and the LCD drive signals of the PCF8576 are timed either by the built-in oscillator 
or from an external clock. When the internal oscillator is used, frequency control is performed by a 
single resistor connected between OSC (pin 6) and Vsg (pin 11) as shown in Fig.9. In this application, 
the output from CLK (pin 4) provides the clock signal for cascaded PCF8576s in the system. 


7Z91467.1 


10 Fig.9 Oscillator frequency 
100 200 500 1000 2000 5000 as a function of Rose: 


— am FOLK © (3.4 x 10’/Rog¢) KHz". 


External clock 

The condition for external clock is made by tying OSC (pin 6) to Vpp; CLK (pin 4) then becomes the 
external clock input. 

The clock frequency (fc, «) determines the LCD frame frequency and the maximum rate for data 
reception from the |?C-bus. To allow I?C-bus transmissions at their maximum data rate of 100 kHz, 
feLk should be chosen to be above 125 kHz. 

A clock signal must always be supplied to the device; removing the clock may freeze the LCD ina 

DC state. 


Timing 

The timing of the PCF8576 organizes the internal data flow of the device. This includes the transfer 

of display data from the display RAM to the display segment outputs. In cascaded applications, the 
synchronization signal SYNC maintains the correct timing relationship between the PCF8576s in the 
system. The timing also generates the LCD frame frequency which it derives as an integer multiple of 
the clock frequency (Table 3). The frame frequency is set by the choice of value for Rogc when internal 
clock is used, or by the frequency applied to pin 4 when external clock is used. 


Table 3 LCD frame frequencies 


PCF8576 mode recommended Rogg (k&2) nominal fframe (Hz) 


180 foLK/2880 
1200 fo_K/480 


normal mode 


power-saving mode 
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Timing (continued) 


The ratio between the clock frequency and the LCD frame frequency depends on the mode in which 

the device is operating. In the normal mode, Rosc = 180 kQ will result in the nominal frame frequency. 
In the power-saving mode the reduction ratio is six times smaller; this allows the clock frequency to be 
reduced by a factor of six and for the same frame frequency Rogc will be 1.2 MQ. The reduced clock 
frequency and the increased value of Rosc together contribute to a significant reduction in power 
dissipation. The lower clock frequency has the disadvantage of increasing the response time when large 
amounts of display data are transmitted on the |?C-bus. When a device is unable to ‘digest’ a display 

data byte before the next one arrives, it holds the SCL line LOW until the first display data byte is stored. 
This slows down the transmission rate of the |?C-bus but no data loss occurs. 


Display latch 


The display latch holds the display data while the corresponding multiplex signals are generated. There 
is a One-to-one relationship between the data in the display latch, the LCD segment outputs and one 
column of the display RAM. 


Shift register 


The shift register serves to transfer display information from the display RAM to the display latch while 
previous data is displayed. 


Segment outputs 


The LCD drive section includes 40 segment outputs SO to S39 (pins 17 to 56) which should be connected 
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back- 
plane signals and with the data resident in the display latch. When less than 40 segment outputs are 
required the unused segment outputs should be left open. 


Backplane outputs 


The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly 
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode. 
If less than four backplane outputs are required the unused outputs can be left open. In the 1 : 3 multi- 
plex drive mode BP3 carries the same signal as BP1, therefore these two adjacent outputs can be tied 
together to give enhanced drive capabilities. In the 1 : 2 multiplex drive mode BPO and BP2, BP1 and 
BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the 
static drive mode the same signal is carried by all four backplane outputs and they can be connected in 
parallel for very high drive requirements. 


Display RAM 


The display RAM is a static 40 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map 
indicates the ‘on’ state of the corresponding LCD segment; similarly, a logic 0 indicates the ‘off’ state. 
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between 
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the 
40 segments operated with respect to backplane BPO (Fig.10). In multiplexed LCD applications the 
segment data of the second, third and fourth column of the display RAM are time-multiplexed with 

BP1, BP2 and BP3 respectively. 
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display RAM addresses (rows) / segment outputs (S) 


0.142213 "4 aoe 35 36 37 38 39 
display RAM bits 0 
(columns) / =a = 
backplane outputs q — 
(BP) 2 
3 
7291468 


Fig.10 Display RAM bit-map showing direct relationship between display RAM addresses and segment 
outputs, and between bits in a RAM word and backplane outputs. 


When display data are transmitted to the PCF8576 the display bytes received are stored in the display 
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg- 
ment numeric display showing all drive modes is given in Fig.11; the RAM filling organization depicted 
applies equally to other LCD types. 


With reference to Fig.11, in the static drive mode the eight transmitted data bits are placed in bit O of 
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data 
bits are placed in bits O and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive 
mode these bits are placed in bits 0, 1 and 2 of three successive addresses, with bit 2 of the third address 
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but 
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the 
1: 4 multiplex drive mode the eight transmitted data bits are placed in bits 0, 1, 2 and 3 of two suc- 
cessive display RAM addresses. 


Data pointer 


The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading 
of an individual display data byte, or a series of display data bytes, into any location of the display 

RAM. The sequence commences with the initialization of the data pointer by the LOAD DATA POINTER 
command. Following this, an arriving data byte is stored starting at the display RAM address indicated 

by the data pointer thereby observing the filling order shown in Fig.11. The data pointer is automati- 

cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the 
contents of the data pointer are incremented by eight (static drive mode), by four (1 : 2 multiplex 

drive mode), by three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex drive mode). 


Subaddress counter 

The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed 

to take place only when the contents of the subaddress counter agree with the hardware subaddress applied 
to AO, Al and A2 (pins 7, 8, and 9). The subaddress counter value is defined by the DEVICE SELECT 
command, If the contents of the subaddress counter and the hardware subaddress do not agree then data 
storage is inhibited but the data pointer is incremented as if data storage had taken place. The subaddress 
counter is also incremented when the data pointer overflows. 
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Subaddress counter (continued) 


The storage arrangements described lead to extremely efficient data loading in cascaded applications. 
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next 
PCF8576 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is 
successful even if the change to the next device in the cascade occurs within a transmitted character 
(such as during the 14th display data byte transmitted in 1 : 3 multiplex mode). 


Output bank selector 


This selects one of the four bits per display RAM address for transfer to the display latch. The actual 
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex 
sequence. In 1 : 4 multiplex, all RAM addresses of bit O are the first to be selected, these are followed 
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected 
sequentially. In 1 : 2 multiplex, bits O then 1 are selected and, in the static mode, bit 0 is selected. 


The PCF8576 includes a RAM bank switching feature in the static and 1 : 2 multiplex drive modes. In 
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected 
for display instead of bit 0 contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be 
selected instead of bits O and 1. This gives the provision for preparing display information in an 
alternative bank and to be able to switch to it once it is assembled. 


Input bank selector 


The input bank selector loads display data into the display RAM according to the selected LCD drive 
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3 in 1 : 2 drive 
mode by using the BANK SELECT command. The input bank selector functions independently of the 
output bank selector. 


Blinker 


The display blinking capabilities of the PCF8576 are very versatile. The whole display can be blinked 
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the 
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which 
the device is operating, as shown in Table 4. 


An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the 
static and 1 : 2 LCD drive modes and can be implemented without any communication overheads. By 
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks 
at the blinking frequency. This mode can also be specified by the BLINK command. 


In the 1: 3. and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD 
segments can be blinked by selectively changing the display RAM data at fixed time intervals. 


If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can 
be effectively performed by resetting and setting the display enable bit E at the required rate using the 
MODE SET command. 
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Blinker (continued) 
Table 4 Blinking frequencies 


blinking mode normal operating power-saving nominal blinking frequency 
mode ratio mode ratio fblink (Hz) 
off =A m 


blinking off 
2 
1 
0.5 


2 Hz foLk/92160 foLK/15360 


foLK/184320 feoLK/30720 
foLK/368640 foLK/61440 


CHARACTERISTICS OF THE I?C-BUS 


The |?C-bus is for 2-way, 2-line communication between different ICs or modules. The two lines are 

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


1 i ' 
{ i 1 = 
i ! 1 
SCL i Jie Bee 
! 
1 


\ 
data line | change 


i eS CS 
= 


' 

1 

1 stable: i ofdata | 

' data valid | allowed | 7287019 


Fig.12 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


pel ool | 
aoe 7 | -- | = 
! ! 
SDA 1 H H r SDA 
! owes 1 
! ! ' ' 
SCL : { \ I 
Nig t t Sct 
! ' ' 
| t---J 
start conditi iti 
ition stop condition 7287005 


Fig.13 Definition of start and stop conditions. 
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System configuration 


A device generating a message is a ‘transmitter’, a device receiving a message is a ‘receiver’. The 
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the ‘‘slaves”’. 


SDA 
SCL 


MASTER MASTER 
R 
TRANSMITTER/ aeceven TRANSMITTER/ Satnerevan TRANSMITTER/ 
RECEIVER RECEIVER RECEIVER 


7287004 


Fig.14 System configuration. 


Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge bit is a HIGH 
level put on the bus by the transmitter whereas the master generates an extra acknowledge related 
clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception of 
each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 
1 


SCL FROM | 
MASTER "vty wort ea wif salve» ron [sav wun cw: Ne 
! 
' -_—— 
DATA OUTPUT ‘ 
BY TRANSMITTER ; wa 
! 
s 
DATA OUTPUT 
BY RECEIVER 


7287007 


Fig.15 Acknowledgement on the |?C bus. 
Note 


The general characteristics and detailed specification of the 1?C bus are described in a separate data 
sheet (serial data buses) in handbook: ICs for digital systems in radio, audio and video equipment. 
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PCF8576 I?C-bus controller 


The PCF8576 acts as an |?C slave receiver. It does not initiate |?C-bus transfers or transmit data to an 
\?C master receiver. The only data output from the PCF8576 are the acknowledge signals of the selected 


devices. Device selection depends on the I?C-bus slave address, on the transferred command data and on 
the hardware subaddress. 


In single device applications, the hardware subaddress inputs AO, A1 and A2 are normally tied to Vgg 
which defines the hardware subaddress 0. In multiple device applications AO, Al and A2 are tied to Vss 
or Vpp according to a binary coding scheme such that no two devices with a common I?C slave address 
have the same hardware subaddress. 


In the power-saving mode it is possible that the PCF8576 is not able to keep up with the highest trans- 
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF 8576 
forces the SCL line LOW until its internal operations are completed. This is known as the ‘clock 
synchronization feature’ of the |?C-bus and serves to slow down fast transmitters. Data loss does not 
occur. 


Input filters 


To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on 
the SDA and SCL lines. 


1?C-bus protocol 


Two |?C-bus slave addresses (0111000 and 0111001) are reserved for PCF8576. The least-significant 
bit of the slave address that a PCF8576 will respond to is defined by the level tied at its input SAO 
(pin 10). Therefore, two types of PCF8576 can be distinguished on the same |*C-bus which allows: 


(a) up to 16 PCF8576s on the same |?C-bus for very large LCD applications; 
(b) the use of two types of LCD multiplex on the same |?C-bus, 


The |?C-bus protocol is shown in Fig.16. The sequence is initiated with a start condition (S) from the 
1?C-bus master which is followed by one of the two PCF8576 slave addresses available. All PCF 8576s 
with the corresponding SAO level acknowledge in parallel! the siave address but all PCF8576s with the 
alternative SAO level ignore the whole !?C-bus transfer. After acknowledgement, one or more command 
bytes (m) follow which define the status of the addressed PCF8576s. The last command byte is tagged 
with a cleared mist significant bit, the continuation bit C. The command bytes are also acknowledged 
by all addressed PCF8576s on the bus. 


After the last command byte, a series of display data bytes (n) may follow. These display data bytes 
are stored in the display RAM at the address specified by the data pointer and the subaddress counter. 
Both data pointer and subaddress counter are automatically updated and the data are directed to the 
intended PCF8576 device. The acknowledgement after each byte is made only by the (AO, A1, A2) 
addressed PCF8576. After the last display byte, the |?C-bus master issues a stop condition (P). 


March 1987 { 


Universal LCD driver for low multiplex rates PCF8576 


= acknowledge by 
RiW (AO, A1, A2)—selected 
slave address | or PCF 8576 only 
——— tf oddressod Pcr8576s 


1 byte m #1 bytes n2Obytes 
update data pointer 
and, if necessary, 
7291470.2 subaddross counter 


Fig.16 |?C-bus protocol. 


Command decoder 


The command decoder identifies command bytes that arrive on the |*C-bus. All available commands 
carry a continuation bit C in their most-significant bit position (Fig.17). When this bit is set, it indicates 
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates 
the last command byte of the transfer. Further bytes will be regarded as display data. 


O = last command 
1 = commands continue 


t 


REST OF OPCODE 


msb Isb 


7291474 


Fig.17 General format of command byte. 


The five commands available to the PCF 8576 are defined in Table 5. 
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Command decoder (continued) 
Table 5 Definition of PCF8576 commands 


Defines LCD drive mode 
MODE SET 


[cl ofurfe|e}u|mo| 


LCD drive mode bits M1 MO 


static (1 BP) 

1: 2 MUX (2 BP) 
1:3 MUX (3 BP) 
1: 4MUX (4 BP) 


Defines LCD bias configuration 


Defines display status 

The possibility to disable the 
display allows implementation 
of blinking under external 
control 


Defines power dissipation mode 


power-saving mode 


LOAD DATA POINTER 


clolrs pa ps P2 1 Po) 


Six bits of immediate data, 
bits PS to PO, are transferred 
to the data pointer to define 
one of forty display RAM 

addresses 


bits P5 P4 P3 P2 P1 PO 


6-bit binary value of 0 to 39 


DEVICE SELECT 


Ent oof AT a0 


Three bits of immediate data, 
bits AO to A2, are transferred 
to the subaddress counter to 
define one of eight hardware 
subaddresses 


bits AO Al 


3-bit binary value of 0 to 7 


A2 
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options 


static 1:2MUX 
RAM bit 0 | RAM bits 0, 1] 0 
RAM bit 2 | RAM bits 2, 3] 1 
1: 2MUX 


RAM bit 0 | RAM bits 0, 1] 0 
RAM bit 2 | RAM bits 2, 3] 1 


command/opcode 


BANK SELECT 


ea fifo) 


Defines output bank selection 
(retrieval of LCD display data) 


The BANK SELECT command has 
no effect in 1 : 3 and 1 : 4 multi- 
plex drive modes 


BLINK Defines the blinking frequency 


[ct 11 ofa|srr Bro) 


blink frequency |bitsBF1 BFO 


Selects the blinking mode; 
normal operation with frequency 
set by bits BF 1, BFO, or 

blinking by alternation of 
display RAM banks. Alternation 
blinking does not apply in 1:3 
and 1 : 4 multiplex drive modes 


blink mode 


normal blinking 
alternation blinking 


Display controller 


The display controller executes the commands identified by the command decoder. It contains the 
status registers of the PCF8576 and coordinates their effects. The controller is also responsible for 
loading display data into the display RAM as required by the filling order. 
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Cascaded operation 


In large display configurations, up to 16 PCF8576s can be distinguished on the same |?C-bus by using 
the 3-bit hardware subaddress (AO, A1, A2) and the programmable |?C slave address (SAO). It is also 
possible to cascade up to 16 PCF8576s. When cascaded, several PCF8576s are synchronized so that they 
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost- 
effective in large LCD applications since the backplane outputs of only one device need to be through- 
plated to the backplane electrodes of the display. The other PCF8576s of the cascade contribute 
additional segment outputs but their backplane outputs are left open (Fig.18). - 


The SYNC line is provided to maintain the correct synchronization between all cascaded PCF8576s. 
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be 
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by 
the definition of a multiplex mode when PCF8576s with differing SAO levels are cascaded). SYNC is 
organized as an input/output pin; the output section being realized as an open-drain driver with an 
internal pull-up resistor, A PCF8576 asserts the SYNC line at the onset of its last active backplane 
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it 
will be restored by the first PCF8576 to assert SYNC. The timing relationships between the backplane 
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig.19. 


LCD PANEL 


(up to 2560 
elements) 


17-56 


PROCESSOR/ 
MICRO— 
CONTROLLER 


PCF8576 


7291480.3 


Fig.18 Cascaded PCF8576 configuration. 
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SYNC | | | | 


{a) STATIC DRIVE MODE 


BPI 
(Y% bias) 
BP1 
(%, bias) 


SYNC | | | | 


(b) 1:2 MULTIPLEX DRIVE MODE 


=f 
SYNC | | | | 


(c) 1:3 MULTIPLEX DRIVE MODE 


SYNC | | | | 
(d) 1:4 MULTIPLEX DRIVE MODE 


7291481 


Note 


Excessive capacitive coupling between SCL or CLK and SYNC may cause erroneous synchronization. 

If this proves to be a problem, the capacitance of the SYNC line should be increased (e.g. by an external 
capacitor between SYNC and Vpp). Degradation of the positive edge of the SYNC pulse may be 
countered by an external pull-up resistor. 


Fig.19 Synchronization of the cascade for the various PCF 8576 drive modes. 


For single plane wiring of packaged PCF8576s and chip-on-glass cascading, see ‘APPLICATION 
INFORMATION’. 


| March 1987 


381 


PCF8576 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range Vop —0,5to+1i V 
LCD supply voltage range Viep Vpp-11to Vpp V 
Input voltage range (SCL; SDA; 

AO to A2;OSC; CLK;SYNC;SA0) vy Vss—0,5 to Vpp + 0,5 V 
Output voltage range (SO to $39; 

BPO to BP3) Vo Vicp—90,5 to Vpp + 0,5 V 
D.C. input current +1) max. 20 mA 
D.C. output current lo max. 25 mA 
Vpp. Vss or Vicp current tlpp., = '!ss.*!Lep max. 50 mA 
Power dissipation per package Prot max. 400 mW 
Power dissipation per output Po max. 100 mW 
Storage temperature range Tstg —65 to+ 150 °C 
HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 

D.C, CHARACTERISTICS 


Vss =O V; Vpp=2to9 V; Vicb = Vpop—2 to Vpp-9 V; 
Tamb = —40 to + 85 °C; unless otherwise specified 


— 
Parameter | symbol | min. typ. mex. unit 
Operating supply voltage Vopb 2 — 9 Vv 
LCD supply voltage (note 1) Vico | Vpp-9 - Vpp-2 Vv 
Operating supply current (normal mode) 

at foLK = 200 kHz (note 2) lop - - 180 nA 
Power-saving mode supply current 

at Vpp = 3.5 V; Vicp = OV; | 

feLk = 35 kHz (note 2) ILp - - 60 pA 
Logic 
Input voltage LOW Vit Vss ~ 0,3 Vpp Vv 
Input voltage HIGH Vin 0,7 Vop - Vop Vv 
Output voltage LOW at |g =O mA VoL ~ - 0,05 Vv 
Output voltage HIGH at |g =O mA VOH Vpp-0,05 | — - Vv 
Output current LOW (CLK, SYNC) at 

VoL= 1,0 V:;Vpp =5V lor | 1 e “ me 
Output current HIGH (CLK) at 

Von = 4.0 V; Vpp = 5 V !OH - - —1 mA 
Output current LOW (SDA; SCL) at 

VoL=9.4V; Vpp =5V loL2 13 ~ - mA 
Leakage current (SAO; AO to A2; CLK; 

SCL; SDA) at V) = Vss or Vop =114 - = 4 yA 
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parameter 


Leakage current (OSC) 
at V;}= Vpp 


Pull-up resistor (SYNC) 
Power-on reset level (note 3) 


symbol 


Tolerable spike width on bus 


Input capacitance (note 4) 


LCD outputs 


D.C. voltage component (BPO to BP3) 
at Cgp = 35 nF 
D.C. voltage component (SO to $39) 
at Cg = 5 nF 
Output impedance (BPO to BP3) 
at Vicp = Vpp—5 V (note 5) 
Output impedance (SO to $39) 
at VLcp = Vpp—5 V (note 5) 


A.C. CHARACTERISTICS (note 6) 
Vss = 0 V: Vpp = 2 to9 V; Vicp = Vpp-—2 to Vpp-9 V; 
Tamb = —40 to + 85 °C; unless otherwise specified 


parameter 


Oscillator frequency (normal mode) 
at Vpp = 5 V; Rose = 180 kQ 
(note 7) foLk 


Oscillator frequency (power-saving 


mode) at Vpp = 3,5 V; Rose = 1,2M2 | feLrkLp 
CLK HIGH time tCLKH 
CLK LOW time tCLKL 
SYNC propagation delay tpsYNC 
SYNC LOW time tSYNCL 


Driver delays with test loads at 
Vicb = Vpp-5 V 


tPLCD 
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A.C. CHARACTERISTICS (continued) 


min, typ. 

?C bus 
Bus free time tBUF 4,7 = 
Start condition hold time tHD:STA 4 - 
SCL LOW time tLow 4,7 ms 
SCL HIGH time tHIGH 4 a 
Start condition set-up time 

{repeated start code only) tsu:STA 4,7 = 
Data hold time tHD: DAT 0 aad 
Data set-up time tsU: DAT 250 = 
Rise time tR = = 
Fall time te en a 
Stop condition set-up time isu; STO 47 = 


Notes to characteristics 


1. VLcp < Vpp-3 V for 1/3 bias. 

2. Outputs open; inputs at Vsg or Vpp; external clock with 50% duty factor; !?C bus inactive. 
3. Resets al! logic when Vpp < VRreF- 

4. Periodically sampled, not 100% tested. 

5. Outputs measured one at a time. 

6. All timing values referred to Vj}; and V)\_ levels with an input voltage swing of Vgsg to Vpp. 
7. Atfoik < 125 kHz, I?C bus maximum transmission speed is derated. 
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Fig. 20 Test loads. 
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Fig. 21 Driver timing waveforms. 
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Fig. 22 1?C bus timing waveforms. 
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9 400 ‘frame (Hz) 


100 {frame (Hz) 200 
(a) Yoo = 5 V; ViCD = 0 V; Tamb = 25 °C. (b) Vpp = 5 V; VCD = 0 V; Tamb = 25 °C. 
2 
50 50 


ott EEE 
i) 


Yop (VY) 10 Yop (V) 10 


5 
(c) VLCD = 0 V; external clock; (d) VLCD = 0 V; external clock; 


Tamb = —40 to + 85 °C. fCLK = nominal frequency. 
Fig. 23 Typical supply current characteristics. 


maximum impedance (kM) 


maximum Impedance (kf) 


-40 0 40 80 120 
Tamb (°C) 
(b) Vpp = 5 V; Vicp = OV. 
Fig. 24 Typical characteristics of LCD outputs. 


(a) VLCD = 0 V; Tamb = 25 °C. 
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Chip-on-glass cascadability in single plane 


In chip-on-glass technology, where driver devices are bonded directly onto the glass of the LCD, it is 
important that the devices may be cascaded without the crossing of conductors, but the paths of 
conductors can be continued on the glass under the chip, All of this is facilitated by the PCF8576 
bonding pad layout (Fig.26). Pads needing bus interconnection between all PCF8576s of the cascade 
are Vpp, Vss, Vicp, CLK, SCL, SDA and SYNC. These lines may be led to the corresponding pads of 
the next PCF8576 through the wide opening between V| cp pad and the backplane output pads. 

The only bussed line that does not require a second opening to lead through to the next PCF8576 is 


Vicp, being the cascade centre. The placing of Vi cp adjacent to Vg allows the two supplies to be 
tied together. 


Fig.27 shows the connection diagram for a cascaded PCF8576 application with single plane wiring. 
Note the use of the open space between the V| cp pad and the backplane output pads to route Vpp, 
Vgs, CLK, SCL, SDA and SYNC. The external connections may be made to either end of the cascade, 
wherever most convenient for the connector. 


When an external clocking source is to be used, OSC of all devices should be tied to Vpp. The pads 
OSC, AO, A1, A2 and SAO have been placed between Vgg and Vpp to facilitate wiring of oscillator, 
hardware subaddress and slave address. 
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APPLICATION INFORMATION (continued) 
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Fig. 26 PCF8576 bonding pad locations. 


March 1987 


Universal LCD driver for low multiplex rates PCF8576 


Bonding pad locations 
All x/y coordinates are referenced to left-hand bottom corner (0/0, Fig. 26). 


Dimensions in zm 


bottom 


top 
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DEVELOPMENT DATA 


This data sheet contains advance information and 


specifications are subject to change without notice t Ls) 


LCD DIRECT/DUPLEX DRIVER WITH I?C-BUS INTERFACE 


GENERAL DESCRIPTION 
The PCF8577 is a single chip, silicon gate CMOS circuit. It is designed to drive liquid crystal displays 
with up to 32 segments directly, or 64 segments in a duplex manner. 


The two-line |? C-bus interface substantially reduces wiring overheads in remote display applications. 
Bus traffic is minimized in multiple IC applications by automatic address incrementing, hardware sub- 
addressing and display memory switching (direct drive mode). 


The PCF8577 and PCF8577A differ only in their slave addresses. 


Features 

@ Direct/duplex drive modes with up to 32/64 LCD-segment drive capability per device 
© Operating supply voltage: 2.5to 9 V 

@ Low power consumption 

@ |*C-bus interface 

@ Optimized pinning for single plane wiring 

© Single-pin built-in oscillator 

e@ Auto-incremented loading across device subaddress boundaries 

@ Display memory switching in direct drive mode 

© May be used as |*C-bus output expander 

@ System expansion up to 256 segments (512 segments with PCF8577A) 
@ Power-on-reset blanks display 


$32 


— SEGMENT BYTE 


2c. BACKPLANE 
ens INPUT 12¢-BUS REGISTERS 


FILTERS CONTROLLER AND hone ee 
MULTIPLEX 
SOA DRIVERS 51 
BPI 
A2/BP2 
Al 
Le A0/OSC 
Yoo 
PCF8577 CONTROL REGISTER OSCILLATOR 
PCF8577A AND 


AND 
COMPARATOR DIVIDER 


7287556.3 


Fig.1 Block diagram. 
PACKAGE OUTLINES 
PCF8577P, PCF8577AP: 40-lead DIL; plastic (SOT129). 
PCF8577T, PCF8577AT: 40-lead mini-pack; plastic (VSO40; SOT158A). 
PCF8577T, PCF8577AT: in blister tape. 
PCF8577U/5, PCF8577AU/5: ~~ wafer unsawn. 
PCF8577U/10, PCF8577AU/10: chip-on-film frame carrier (FFC). 
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s32 [7] PINNING 
$31 Sopply 
35 Vopb positive supply 
s3o [3 | 38 Vss negative supply 
panied 1? C-bus 
sz [5 | 40 SDA 1? C-bus data line 
s27 [6 | 39 SCL |? C-bus clock line 
S26 Inputs 
s25 [8 | 36 Al hardware address line 
37 A0/OSC hardware address line/oscillator pin 
s24 [9 | 
$23 [10] PCF8577 Outputs 
522 PCFBS77A 1 —32 S32—S1 segment outputs 
s2i [12] Input — Output 
s20 [13] 34 A2/BP2 harware address line/cascade sync 
ae input/backplane output 
33 BP1 cascade sync input/backplane output 


Si4 


7287557.1 


Fig.2 Pinning diagram. 


FUNCTIONAL DESCRIPTION 
Hardware subaddress AO, A1, A2 


The hardware subaddress lines AO, A1, A2 are used to program the device subaddress for each PCF8577 

on the bus. Lines AO and A2 are shared with OSC and BP2 respectively to reduce pin-out requirements. 

AO/OSC Line AO is defined as LOW (logic 0) when this pin is used for the local oscillator or when 
connected to Vsg. Line AO is defined as HIGH (logic 1) when connected to Vpp. 

Al Line A1 must be defined as LOW (logic 0) or as HIGH (logic 1) by connection to Vss or Vpp 
respectively. 

A2/BP2_ In the direct drive mode the second backplane signal BP2 is not used and the A2/BP2 pin is 
exclusively the A2 input. Line A2 is defined as LOW (logic 0) when connected to Vgg or, 
if this is not possible, by leaving it unconnected (internal pull-down). Line A2 is defined as 
HIGH (logic 1) when connected to Vpp. 


In the duplex drive mode the second backplane signal BP2 is required and the A2 signal is 
undefined. In this mode device selection is made exclusively from lines AO and A1. 
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Oscillator AO/OSC 


The PCF8577 has a single-pin built-in oscillator which provides the modulation for the LCD segment 
driver outputs. One external resistor and one external capacitor are connected to the AO/OSC pin to 
form the oscillator, In an expanded systern containing more than one PCF8577 the backplane signals 
are usually common to all devices and only one oscillator is needed. The devices which are not used for 
the oscillator are put into the cascade mode by connecting the AO/OSC pin to either Vpp or Vss 
depending on the required state for AO. In the cascade mode each PCF8577 is synchronized from the 
backplane signal(s). 


User-accessible registers 


There are nine user-accesible 1-byte registers. The first is a control register which is used to control the 
loading of data into the segrnent byte registers and to select display options. The other eight are segment 
byte registers, split into two banks of storage, which store the segment data. The set of even numbered 
segment byte registers is called BANK A. Odd numbered segment byte registers are called BANK B. 


There are two slave addresses, one for PCF8577, and one for PCF8577A (see Fig.6). All addressed 
devices load the second byte into the control register and each device maintains an identical copy of 
the control byte in the control register at all times (see |? C-bus protocol Fig.7), i.e. all addressed 
devices respond to control commands sent on the bus. 

The conirol register is shown in more detail in Fig.3. The least-significant bits select which device and 
which segment byte register is loaded next. This part of the register is therefore called the Segrnent 
Byte Vector (SBV). 


The upper three bits of the SBV (V5 to V3) are compared with the hardware subaddress input signals 
A2, Al and AO. If they are the same then the device is enabled for loading, if not the device ignores 
incoming data but remains active. 


The three least-significant bits of the SBV (V2 to VO) address one of the segment byte registers within 
the enabled chip for loading segment data. 


[ CONTROL eee a fT SEGMENT BYTE eg ce 
DISPLAY 


CONTROL SEGMENT BYTE VECTOR (SBV) 
eee 
msb Isb msb Isb 


segment byte 
aes ; Pa Pe ee 
++ —Y 
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Fig.3 PCF8577 register organization. 
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FUNCTIONAL DESCRIPTION (continued) 


The control register also has two display control bits. These bits are named MODE and BANK. The 
MODE bit selects whether the display outputs are configured for direct or duplex drive displays. 
The BANK bit allows the user to display BANK A or BANK B. 


Auto-incremented loading 


After each segment byte is loaded the SBV is incremented automatically. Thus auto-incremented 
loading occurs if more than one segment byte is received in a data transfer. 


Since the SBV addresses both device and segment registers in all addressed chips, auto-incremented 


loading may proceed across device boundaries provided that the hardware subaddresses are arranged 
contiguously. 


Direct drive mode 


The PCF8577 is set to the direct drive mode by loading the MODE control bit with logic 0. In this 
mode only four bytes are needed to store the data for the 32 segment drivers. Setting the BANK bit to 
logic 0 selects even bytes (BANK A); setting the BANK bit to logic 1 selects odd bytes (BANK B). 


In the direct drive mode the SBV is auto-incremented by two after the loading of each segment byte 
register. This means that auto-incremented loading of BANK A or BANK B is possible. Either bank may 


be completely or partially loaded irrespective of which bank is being displayed. Direct drive output 
waveforms are shown in Fig.4. 


OFF ON 
Yop 
| | | | | | BP1 
Veg; 
Yop 


Segment x 
(Sx) 
ssc 
SS ee 
Vpp — Vss —t]] 
1 


BP1 - Sx 


1?) 
-(Vpp — Vss) 


Von(tms) = Vpp — Vss 


ead [pa Voff(rms) = 9 
fico 7287559.3 


Fig.4 Direct drive mode display output waveforms. 


Duplex mode 


The PCF8577 is set to the duplex mode by loading the MODE bit with logic 1. In this mode a second 
backplane signal (BP2) is needed and pin A2/BP2 is used for this; therefore A2 and its equivalent SBV 
bit V5 are undefined. The SBV auto-increments by one between loaded bytes. 


All of the segment bytes are needed to store data for the 32 segment drivers and the BANK bit is 
ignored. 


Duplex mode output waveforms are shown in Fig.5. 
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-(Vpp —Vss) 
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0.5 (Vpp + Vgg) —— 
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—(Vop — Yss) 


BP1 — Sx 


fico 7Z87560.3 


Von(rms) = 0.791 (Vpp — Vss) 
Voff(rms) = 0.354 (Vpp — Vss) 
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Von(rms) 
Voff(rms) 


= 2.236 


Fig.5 Duplex mode display output waveforms. 


Power-on reset 
At power-on reset the PCF8577 resets to a defined starting condition as follows: 


1. Both backplane outputs are set to Vsg in master mode; to 3-state in cascade mode. 
2. All segment outputs are set to Vss. 

3. The segment byte registers and control register are cleared. 

4. The |? C-bus interface is initialized. 
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Slave address 
The slave address for PCF8577 and PCF8577A are shown in Fig.6. 


I 


SLAVE ADDRESS L SLAVE ADDRESS 


7Z87561.2 


(a) PCF8577 (b) PCF8577A 
Fig.6 PCF8577 and PCF8577A slave addresses. 


Before any data is transmitted on the |? C-bus, the device which should respond is addressed first. 
The addressing is always done with the first byte transmitted after the start procedure. 


1? C-bus protocol 
The PCF8577 |? C-bus protocol is shown in Fig.7. 


acknowledge by acknowledge by acknowledge by 
all PCF 8577 all PCF 8577 selected PCF 8577 only 


| sb sb } 


| 
t 
ra} SEGMENT 
SLAVE ADDRESS 3 : SEGMENT DATA 
S BYTE VECTOR 


R/iw “—— control byte ———1_ L—_—- nn bytes —___ 


BANK 


euto increment 


segment byte vector 
7Z87553.2 


Fig.7 |*C-bus protocol. 


The PCF8577 is a slave receiver and has a fixed slave address (Fig.6). All PCF8577s with the same 

slave address acknowledge the slave address in parallel. The second byte is always the control byte and 
is loaded into the control register of each PCF8577 on the bus. All addressed devices acknowledge the 
control byte. Subsequent data bytes are loaded into the segment registers of the selected device. Any 
number of data bytes may be loaded in one transfer and in an expanded system rollover of the SBV 
from 111 111 to 000 000 is allowed. If a stop (P) condition is given after the control byte acknowledge 
the segment data remains unchanged. This allows the BANK bit to be toggled without changing the 
segment register contents. During loading of segment data only the selected PCF8577 gives an 
acknowledge. Loading is terminated by generating a stop (P) condition. 
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LCD direct/duplex driver with 1? C-bus interface 


Display memory mapping 

The mapping between the eight segment registers and the segment outputs S1 to $32 is shown in 
Tables 1 and 2. 

Since only one register bit per segment is needed in the direct drive mode, the BANK bit allows 
swapping of display information. If BANK is set to logic 0 even bytes (BANK A) are displayed; if 
BANK is set to logic 1 odd bytes (BANK B) are displayed. BP1 is always used for the backplane output 
in the direct drive mode. 


Table 1 Segment byte-segment driver mapping in the direct drive mode 


[ss1_|ss0_| 


Mapping example: bit O of register 7 controls the LCD segment S25 if BANK bit is a logic 1. 


In duplex mode even bytes (BANK A) correspond to backplane 1 (BP1) and odd bytes (BANK B) 
correspond to backplane 2 (BP2). 


Table 2 Segment byte; segment driver mapping in the duplex mode 


X = don’t care. 


Mapping example: bit 7 of register 5 controls the LCD segment S24/BP2. 
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CHARACTERISTICS OF THE I?C-BUS 


The |? C-bus is for 2-way, 2-line communication between different 1Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 


during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 


' ' ' 
\ | H 


i 


I Gata line { change | 


a ATS EE Sef 


i stable: 1 of dats 
' data valid t allowed 7287019 


Fig.8 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 


r—=3 


bates acal 
start condition 


stop condition 
P 7287005 


Fig.9 Definition of start and stop conditions. 


System configuration 


A device generating a message is a “’transmitter’’, a device receiving a message is the ‘receiver’. The 


device that controls the message is the ‘‘master’’ and the devices which are controlled by the master 
are the “‘slaves’’. 


SDA 
SCL 


MASTER SLAVE MASTER 
TRANSMITTER/ pa ll TRANSMITTER/ Presi TRANSMITTER/ 
RECEIVER RECEIVER ANSMITIER RECEIVER 


7287004 


Fig.10 System configuration. 
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Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge 

bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transrnitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hoid times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 


SCL FROM 1 
MASTER I i 2 8 9 
1 -- 
! 
t 
DATA OUTPUT : 
BY TRANSMITTER : 
= 
s 
DATA OUTPUT “~ 
BY RECEIVER 


7287007 


Fig.11 Acknowledgement on the !?C-bus. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


[ parameter | symbol ois |. max. 

aes ane : pal Etreate! —_———_ 

| Supply voltage range Vppb —0.5 +11.0 

| Voltage on pin | Vv) -0.5 Vpp+0.5 

| Vpp or Vgg current Ipp: 'ss =, +50 

| DC input current ly —20 +20 

| DC output current lo —25 +25 
Power dissipation per package Prot 500* 
Power dissipation per output Po 100 
Storage temperature range | Tstg +150 

HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is good practice to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 


* Derate 7.7 mW/K when Tamb > 60 °C, 
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DC CHARACTERISTICS 
VDD = 2.5 to 9.0 V; Vgg = 0 V; Tamb = —40 to + 85 OC unless otherwise specified 


Supply 
Supply voltage 
Supply current non specified inputs 
at Vpp or Vss 
at fsc_ = 100 kHz no load; Rosc = 1 MQ; 
| Cosc = 680 pF Ipp1_ | - 80 | 250 HA 
at fgscL =0 | no load; Rosc = 1 MQ; 
Cosc = 680 pF \Ipp2 - | 25 150 BA 
at fscL =0 no load; Rosc = 1 MQ; | 
Cosc = 680 pF; | 
| Vop =5 V; Tamb=25°C|Ipp3 | — 25 40 pA 
at fscL =0 no load; } | | 
A0/OSC=Vpp or Vss_ IpD4 - | 10 20 BA | 
Power-on reset level | note 1 VeporR | — act 2.0 Vv | 
Input AO 
Input voltage LOW | ‘VIL 0 = 0.05 Vv 
Input voltage HIGH | ViH1 | Vpp-—0.05 |} — VpbD Vv | 
| 
Input A1 | 
Input voltage LOW ViL2 (0) - 0.3Vpp| V 
Input voltage HIGH | ViH2 07Vpp |- Vpp Vv 
Input A2 
Input voltage LOW ViL3 0 — 0.10 Vv 
Input voltage HIGH | VIH3 Vpp-—0.10} — Vpp Vv 
Inputs SCL; SDA 
Input voltage LOW ViL4 0 - 0.08 Vv 
Input voltage HIGH VIH4 2.0 - 9.0 Vv 
Input capacitance | note 2 Cc =z = 7 pF 
Output SDA 
Output current LOW VoL =0.4V; Vpp=5V |lot 3.0 


A1; SCL; SDA 
Leakage current 


Vi =Vpp or Vss 


A2; BP2 
Leakage current 


Vi =Vss 
vi=Vbb 
* Typical conditions: Vpp = 5 V; Tamb = 25 OC. 
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Pull-down current 
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parameter conditions ] symbol 
— en r ered (a z= ner tm 
A0/OSC 
Leakage current Vi=Vpp | -IL3 
Oscillator 
Start-up current Vi =Vss losc 
LCD outputs | 
DC component of LCD driver | + Vpp 
Segment output current VOL = 0.4V; 
Vpop = 5V IOL 
VOH = Vop —0.4 V; 
Vop = 5V -lOH 


| Backplane output resistance 
(BP1; BP2) | Vo=Vss. Vpp, 
(Vss+Vpp)/2; note 3 


AC CHARACTERISTICS (note 2) 


0.3 


1.2 


20 


Vpp = 2.5 to 9.0 V; Vgg = 0 V; Tamb = —40 to + 85 OC unless otherwise specified 


parameter conditions 


— 
= 


Display frequency | pose = rad 
osc=1M 


Driver delays with test loads Vop=5V 


1?C-bus 
SCL ciock frequency 
| Tolerable spike width on bus 


Bus free time 


Start condition set-up time 
Start condition hold time 
SCL LOW time 

SCL HIGH time 

SCL and SDA rise time 
SCL and SDA fall time 
Data set-up time 


Data hold time 


Stop condition set-up time 


* Typical conditions: Vpp = 5 V; Tamb = 25 °C. 
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Notes to the characteristics 

1, Resets all logic when Vpp < Vpor. 

2. Periodically sampled, not 100% tested. 

3. Outputs measured one at a time; Vpp = 5 V; liga = 100 HA. 


4. All the timing values are valid within the operating supply voltage and ambient temperature range 
and refer to Vj,_ and Vj} with an input voltage swing of Vss to Vpp. 


1.5k2 68k 
SCL, SDA $1 t0 $32 
: —_}+—_ 
(pins 39, 40) —+—+— Yoo (pins 1 to 32) Yop * Vss)/2 


7221918 


Fig.12 Test loads. 


sx (Vpp = 5V) 


BP1, BP2 


7221916 


Fig.13 Driver timing waveforms. 


SDA 


SDA 


7Z87013.2 


'SU;STA tsu;sTO 


Fig.14 1?C-bus timing diagram; rise and fall times refer to Vj,_ and Vjy. 
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LCD direct/duplex driver with |? C-bus interface 


32 output lines 


device subaddress 
A2, Al, AO = 000 


} expansion 


7287562.1 


Notes 


1. MODE bit must always be set to logic O (direct drive). 

2. BANK switching is permitted. 

3. BP1 must always be connected to Vss and AO/OSC must be connected to 
either Vpp or Vss (no LCD modulation). 


DEVELOPMENT DATA 


Fig.17 Use of PCF8577 as 32-bit output expander in |? C-bus application. 


Purchase of Philips’ 1C components conveys a license under the 
Philips’ 1? C patent to use the components in the |? C-system provided 
the system conforms to the I7C specifications defined by Philips. 
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS 


$28 
$29 
$30 
$31 
$32 
SDA 
scL 
Yss 
A0/OSC 
Al 


Yoo 
A2/BP2 


PCF8577 
PCF8577A 


Oo 
oO 
Oo 
a) 
Oo 
oO 
oO 
oO 
O 
a) 
o 
oO 


DOE Roa a bo O.ers 


a 
ry n 


A 2.24 mm —_———_—> 


Chip area: 5.91 mm? 72219171 


Bonding pad dimensions: 120 um x 120 um 
Fig.18 Bonding pad locations. 


Table 3 Bonding pad locations (dimensions in um) 
All x/y coordinates are referenced to bottom corner, see Fig.18. 


pad | x x: | 
$12 1220 +| 160 | 
S11 1420 160 
S10 1620 160 
s9 1840 160 | 
S8 2080 160 | 
s7 2080 = © 400 
S6 2080 | 620 
$5 2080 | 820 
S4 2080 | 1020 
$3 2080 1220 
S2 2080 1420 
s1 2080 1620 
BPI 2080 1820 
A2/BP2 2080 2020 
Vop 2080 2240 
Al 2080 2480 
A0/OSC 1840 2480 
Vsg 1620 2480 
SCL 1420 2480 
SDA 1220 2480 a 
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specifications are subject to change without notice, 


LCD ROW/COLUMN DRIVER FOR 
DOT MATRIX GRAPHIC DISPLAYS 


GENERAL DESCRIPTION 


The PCF8578 is a low power CMOS LCD row/column driver, designed to drive dot matrix graphic 
displays at multiplex rates of 1:8, 1:16, 1:24 or 1:32. The device has 40 outputs, of which 24 are 
programmable, configurable as 32/8, 24/16, 16/24 or 8/32 rows/columns. The PCF8578 can function 
as a stand-alone LCD controller/driver for use in small systems, or for larger systems can be used 

in conjunction with up to 32 PCF8579s for which it has been optimized. Together these two devices 
form a general purpose LCD dot matrix driver chip set, capable of driving displays of up to 40,960 dots. 
The PCF8578 is compatible with most microcontrollers and communicates via a two-line bidirectional 
bus (1? C-bus). Communication overheads are minimized by a display RAM with auto-incremented 
addressing and display bank switching. 


Features 


Single chip LCD controller/driver 

Stand-alone or may be used with up to 32 PCF8579s (40,960 dots possible) 

40 driver outputs, configurable as 32/8, 24/16, 16/24 or 8/32 rows/columns 
Selectable multiplex rates; 1:8, 1:16, 1:24 or 1:32 

Externally selectable bias configuration, 5 or 6 levels 

1280-bit RAM for display data storage and scratch pad 

Display memory bank switching 

Auto-incremented data loading across hardware subaddress boundaries (with PCF 8579) 
Provides display synchronization for PCF8579 

On-chip oscillator, requires only 1 external resistor 

Power-on reset blanks display 

Logic voltage supply range 2.5 V to 6.0 V 

Maximum LCD supply voltage 9 V 

Low power consumption 

|? C-bus interface 

TTL/CMOS compatible 

Compatible with most microcontrollers 

Optimized pinning for single plane wiring in multiple device applications (with PCF8579) 
Space saving 56-lead plastic mini-pack 

Compatible with chip-on-glass technology 


APPLICATIONS 


® Automotive information systems 
Telecommunication systems 
Point-of-sale terminals 
Computer terminals 
Instrumentation 


PACKAGE OUTLINES 


PCF8578T: 56-lead mini-pack; plastic (VSO56; SOT 190). 
PCF8578V: 64-lead tape-automated-bonding module (SOT267A). 
PCF8578U: chip with bumps on-tape. 
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RAM DATA POINTER 
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(NPUT c-BUS COMMAND 
SDA FILTERS CONTROLLER DECODER 
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Fig.1 Block diagram. 
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(1) LCD voltage levels , all other blocks operate at logic levels 
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Fig.2 (a) Pinning diagram: VSO56; SOT 190. 
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(1) Orientation mark. 


Fig.2 (b) Pinning diagram; $0121. 
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mnemonic description 
SOT190 

SDA 
SCL 
SYNC 
CLK 
Vss 
TEST 
SAO 
Osc 
VDD 
V2 to V5 LCD bias voltage inputs 

VLCD LCD supply voltage 

n.c. - not connected 

C39 to C32 - LCD column driver outputs 
R31/C31 to R8/C8 LCD row/column driver outputs 
R7 to RO LCD row driver outputs 


1? C-bus serial data line 

|? C-bus serial clock line 

cascade synchronization output 
external clock input/output 
ground (logic) 

test pin (connect to Vss) 
1?C-bus slave address input (bit 0) 
oscillator input 


OWN ON FWHN 


positive supply voltage 


= 
> 


DEVELOPMENT DATA 
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FUNCTIONAL DESCRIPTION 
The PCF8578 row/column driver is designed for use in one of three ways: 


@ Stand-alone row/column driver for small displeys (mixed mode) 
® Row/column driver with cascaded PCF8579s (mixed mode) 
@ Row driver with cascaded PCF8579s (row mode) 


Mixed mode 


In mixed mode, the device functions as both a row and column driver. It can be used in small stand-alone 
applications, or for larger displays with up to 15 PCF 8579s (31 PCF8579s when two slave addresses 
are used). See table 1 for common display configurations. 


Row mode 


In row mode, the device functions as a row driver with up to 32 row outputs and provides the clock and 
synchronization signals for the PCF8579. Up to 16 PCF8579s can normally be cascaded (32 when two 
slave addresses are used). 


Table 1 Possible display configurations 


| eh 
paotl mixed mode | row mode | 
multiplex 5 See ena eee | 
application | rate | rows } columns | rows columns | typical applications 
| | = | = | } 
| aa | - - small digital or 
stand-alone | } — } — alphanumeric displays 
| Eales | 
| | | 
| 1:8 | 8 632 | 8x4 640 | | 
: 1:16 | 16 | 624 16x2 | 640 alphanumeric displays 
with PCF8579 | 4:94 24 =| 616 24 | 640 and dot matrix 
1:32 32 | 608 32 | 640 graphic displays 
using 15 using 16 
PCF8579s PCF8579s 


Timing signals are derived from the on-chip oscillator, whose frequency is determined by the value of 
the resistor connected between OSC and Vss. 


Commands sent on the |? C-bus from the host microprocessor set the mode (row or mixed), 
configuration (multiplex rate and number of rows and columns) and contro! the operation of the 
device. The device may have one of two slave addresses. The only difference between these slave 
addresses is the least significant bit, which is set by the logic level applied to SAO, The PCF 8578 

and PCF8579 also have subaddresses. The subaddress of the PCF8578 is only defined in mixed mode 


and is fixed at 0. The RAM may only be accessed in mixed mode and data is loaded as described for 
the PCF8579. 


Bias levels may be generated by an external potential divider with appropriate decoupling capacitors. 
For large displays, bias sources with high drive capability should be used. A typical mixed mode 
system operating with up to 15 PCF857Qs is shown in Fig.3 (a stand-alone system would be identical 
but without the PCF8579s). 
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Multiplexed LCD bias generation 


The bias levels required to produce maximum contrast depend on the multiplex rate and the LCD 
threshold voltage (Vth). Vth is typically defined as the RMS voltage at which the LCD exhibits 10% 
contrast. Table 2 shows the optimum voltage bias levels for the PCF 8578 as functions of Vop 

(Vop = VDD - VLCD), together with the discrimination ratios (D) for the different multiplex rates. 
A practical value for Vop is obtained by equating Voff(rms) with Vth. 


Table 2 Optimum LCD bias voltages 


. B 
multiplex rate 
‘ : 
iices | 1:8 | 1:16 | 1:24 oe 
Vv | | 
—% 0.739 | 9.800 0.830 
Vou | 
T 
Vv 
— | 0.522 
_ Yop 
| v 
P ae 0.478 
- | Vop 
ae | ae 
fa} V5 
5 oe 0.261 
Ww Vop 
= 1 
5 Voft( ) 
bs | off(rms 
ae iv, 0.297 
a | I 
e Vv 
| on(rms) 
Preece 0.430 
op 
1 
p= Yonirms) 1.447 
| Voff(rms) 
Vv 
=o 3.37 
Vth 
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FUNCTIONAL DESCRIPTION (continued) 
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1:8 1.16 124 1:32 
multiplex 
rate 


Fig.4 LCD bias voltages as a function of the multiplex rate. 


Power-on reset 
At power-on the PCF8578 resets to a defined starting condition as follows: 


1. Display blank 

2. 1:32 multiplex rate, row mode 

3. Start bank O selected 

4. Data pointer is set to X, Y address 0, 0 
5. Character mode 

6. Subaddress counter is set to 0 

7. 1? C-bus interface is initialized. 


DEVELOPMENT DATA 


Data transfers on the |*C-bus should be avoided for 1 ms following power-on, to allow completion of 
the reset action. 
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FUNCTIONAL DESCRIPTION (continued) 
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Fig.5 LCD row/column waveforms. 
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Thrame | state 1 (ON) 
Vooisaeea state 2 (OFF) 


dot matrix 
1: B multiplex rate 


COLUMN2 Vv, 
c2(t) 7j— 


Vie —— Vstate 1(t) = C1(t) — R1(t): 


VOT, ae Von(rms) _ 1 + v8-1 = 0.430 
Vop 8 8W/8+1) 
0. 


Vstate 2(t) = C2(t) — R2(t): 


DEVELOPMENT DATA 


Votate 1 (0) 


Te Voff(rms) z 2/8 — 1) 


Yop eee sait = 0.297 


0.261 V,,- general relationship (n = multiplex rate) 
Vetate 2 (1) OV 
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Fig.6 LCD drive mode waveforms for 1:8 multiplex rate. 
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FUNCTIONAL DESCRIPTION (continued) 
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Vstate 2(t) = C2(t) — R2(t): 
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Fig.7 LCD drive mode waveforms for 1:16 multiplex rate. 
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DEVELOPMENT DATA 


Internal clock 

The clock signal for the system may be generated by the internal oscillator and prescaler. The 
frequency is determined by the value of the resistor Rogc, see Fig.8. For normal use a value of 
330 kQ is recommended. The clock signal, for cascaded PCF 8579s, is output at CLK and has a 
frequency one-sixth (multiplex rate 1:8, 1:16 and 1:32) or one-eighth (multiplex rate 1:24) of the 
oscillator frequency. 


7221532.) 


10 10* 
Rose (k2) 


Fig.8 Oscillator frequency as a function of Rosc. 


Note 


To avoid capacitive coupling, which could adversely affect oscillator stability, ROSc should be placed 
as closely as possible to the OSC pin. If this proves to be a problem, a filtering capacitor may be 
connected in parallel to Rosc. 


External clock 


If an external clock is used, OSC must be connected to Vpp and the external clock signal to CLK. 
Table 3 summarizes the nominal CLK and SYNC frequencies. 


Table 3 Signal frequencies required for nominal 64 Hz frame frequency 


oscillator frequency | frame frequency | multiplex rate clock frequency 
(Rosc = 330 kQ) division 
fosc (Hz) fSYNC (Hz) ratio fCLK (Hz) 


n 
1:8; 1:16; 1:32 
1:24 


A clock signal must always be present, otherwise the LCD may be frozen in a DC state. 
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FUNCTIONAL DESCRIPTION (continued) 


Timing generator 


The timing generator of the PCF8578 organizes the internal data flow of the device and generates the 
LCD frame synchronization pulse SYNC, whose period is an integer multiple of the clock period. In 
cascaded applications, this signal maintains the correct timing relationship between the PCF8578 and 
PCF857Qs in the system. 


Row/column drivers 


Outputs RO to R7 and C32 to C39 are fixed as row and column drivers respectively. The remaining 
24 outputs R8/C8 to R31/C31 are programmable and may be configured (in blocks of 8) to be either 
row or column drivers. The row select signal is produced sequentially at each output from RO up to 
the number defined by the multiplex rate (see Table 1). In mixed mode the remaining outputs are 
configured as columns. In row mode all programmable outputs (R8/C8 to R31/C31) are defined as 
row drivers and the outputs C32 to C39 should be left open-circuit. Using a 1:16 multiplex rate, 

two sets of row outputs are driven, thus facilitating split-screen configurations; i.e. a row select 

pulse appears simultaneously at RO and R16/C16, R1 and R17/C17 etc. Similarly, using a multiplex 
rate of 1:8, four sets of row outputs are driven simultaneously. Driver outputs must be connected 
directly to the LCD. Unused outputs should be left open-circuit. 


Display mode controller 

The configuration of the outputs (row or column) and the selection of the appropriate driver waveforms 
are controlled by the display mode controller. 

Display RAM 


The PCF8578 contains a 32 x 40 bit static RAM which stores the display data. The RAM is divided 
into 4 banks of 40 bytes (4 x 8 x 40 bits). During RAM access, data is transferred to/from the RAM 
via the |7C-bus. The first eight columns of data (0 to 7) cannot be displayed but are available for 
general data storage and provide compatibility with the PCF8579. 


Data pointer 


The addressing mechanism for the display RAM is realized using the data pointer. This allows an 
individual data byte or a series of data bytes to be written into, or read from, the display RAM, 
controlled by commands sent on the |?C-bus. 


Subaddress counter 


The storage and retrieval of display data is dependent on the content of the subaddress counter. 
Storage takes place only when the contents of the subaddress counter agree with the hardware 
subaddress. The hardware subaddress of the PCF8578, valid in mixed mode only, is fixed at OOOO. 


1?C-bus controller 


The !?C-bus controller detects the |*C-bus protocol, slave address, commands and display data bytes. 
It performs the conversion of the data input (serial-to-parallel) and the data output (parallel-to-serial). 
The PCF8578 acts as an |? C-bus slave transmitter/receiver in mixed mode, and as a slave receiver 

in row mode. A slave device cannot contro! bus communication. 


Input filters 


To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on 
the SDA and SCL lines. 
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RAM access 


RAM operations are only possible when the PCF8578 is in mixed mode. In this event its hardware 
subaddress is internally fixed at 0000 and the hardware subaddresses of any PCF 8579 used in 
conjunction with the PCF8578 must start at 0001. 


There are three RAM ACCESS modes: 


© Character 

@ Half-graphic 

@ Full-graphic 

These modes are specified by bits G1 and GO of the RAM ACCESS command. The RAM ACCESS 
command controls the order in which data is written to or read from the RAM (see Fig.9). 


To store RAM data, the user specifies the location into which the first byte will be loaded (see Fig. 10): 


@ Device subaddress (specified by the DEVICE SELECT command) 
@ RAM X-address (specified by the LOAD X-ADDRESS command) 
e@ RAM bank (specified by bits Y1 and YO of the RAM ACCESS command) 


Subsequent data bytes will be written or read according to the chosen RAM access mode. Device 
subaddresses are automatically incremented between devices until the last device is reached. If the last 
device has subaddress 15, further display data transfers will lead to a wrap-around of the subaddress 
to 0. 


Display control 


The display is generated by continuously shifting rows of RAM data to the dot matrix LCD via the 
column outputs. The number of rows scanned depends on the multiplex rate set by bits M1 and MO 

of the SET MODE command. 

The display status (all dots on/off and normal/inverse video) is set by bits E1 and EO of the SET MODE 
command. For bank switching, the RAM bank corresponding to the top of the display is set by 

bits B1 and BO of the SET START BANK command. This is shown in Fig.11. This feature is useful 
when scrolling in alphanumeric applications. 


DEVELOPMENT DATA 
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FUNCTIONAL DESCRIPTION (continued) 
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FUNCTIONAL DESCRIPTION (continued) 


RAM 


top of LCD 
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Fig.11 Relationship between display and SET START BANK; 
1:32 multiplex rate and start bank = 2. 
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1?C-BUS PROTOCOL 


Two 7-bit slave addresses (0111100 and 0111101) are reserved for both the PCF8578 and PCF8579. 
The least-significant bit of the slave address is set by connecting input SAO to either 0 (Vss) or 
1(Vpp). Therefore, two types of PCF8578 or PCF8579 can be distinguished on the same |? C-bus 
which allows: 


(a) one PCF8578 to operate with up to 32 PCF8579s on the same !*C-bus for very large applications 
(b) the use of two types of LCD multiplex schemes on the same |? C-bus. 


In most applications the PCF8578 will have the same slave address as the PCF8579. 


The |? C-bus protocol is shown in Fig. 12. All communications are initiated with a start condition (S) 
from the |?C-bus master, which is followed by the desired slave address and read/write bit. All devices 
with this slave address acknowledge in parallel. All other devices ignore the bus transfer. 


In WRITE mode (indicated by setting the read/write bit LOW) one or more commands follow the 
slave address acknowledgement. The commands are also acknowledged by all addressed devices on 
the bus. The last command must clear the continuation bit C. After the last command a series of data 
bytes may follow. The acknowledgement after each byte is made only by the (AO, A1, A2 and A3) 
addressed PCF 8579 or PCF8578 with its implicit subaddress 0. After the last data byte has been 
acknowledged, the |*C-bus master issues a stop condition (P). 


In READ mode, indicated by setting the read/write bit HIGH, data bytes may be read from the 

RAM following the slave address acknowledgement. After this acknowledgement the master transmitter 
becomes a master receiver and the PCF8578 becomes a slave transmitter. The master receiver must 
acknowledge the reception of each byte in turn. The master receiver must signal an end of data to 

the slave transmitter, by not generating an acknowledge on the last byte clocked out of the slave. The 
slave transmitter then leaves the data line HIGH, enabling the master to generate a stop condition (P). 
Display bytes are written into, or read from, the RAM at the address specified by the data pointer and 


subaddress counter. Both the data pointer and subaddress counter are automatically incremented, 
enabling a stream of data to be transferred either to, or from, the intended devices. 


DEVELOPMENT DATA 


In muitiple device applications, the hardware subaddress pins of the PCF8579s (Ag to A3) are connected 
to Vss or Vpp to represent the desired hardware subaddress code. If two or more devices share the 
same slave address, then each device must be allocated a unique hardware subaddress. 
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1?C-BUS PROTOCOL (continued) 
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Fig.12(a) Master transmits to slave receiver (WRITE mode). 
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Fig.12(b) Master reads after sending command string (WRITE commands; READ data). 
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Fig.12(c) Master reads slave immediately after sending slave address (READ mode). 
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Command decoder 


The command decoder identifies command bytes that arrive on the |?C-bus. The most-significant bit 

of a command is the continuation bit C (see Fig.13). When this bit is set, it indicates that the next 

byte to be transferred will also be a command. If the bit is reset, it indicates the conclusion of the command 
transfer. Further bytes will be regarded as display data. Commands are transferred in WRITE mode 

only. 


MSB LsB 


REST OF OPCODE 


7221545 


C = 0; last command 
C = 1; commands continue 


Fig.13 General format of command byte. 


The five commands available to the PCF8578 are defined in Tables 4 and 5. 


< 

= 

a Table 4 Summary of commands 

— 

= 

ra} CODDDDDD LOAD X-ADDRESS 0 to 39 

at | 

~ / C10DDDDD SET MODE multiplex rate, display status, system type 

a | C110DDDD DEVICE SELECT defines device subaddress 
C111DDDD RAM ACCESS graphic mode, bank select 


(D DD D2 12 is not allowed; see 
SET START BANK opcode) 


SET START BANK | defines bank at top of LCD 


c11111DD 
ae 


Where: 


C = command continuation bit 
D = may be a logic 1 or O. 
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1?C-BUS PROTOCOL (continued) 


Table 5 Definition of PCF8578/PCF8579 commands 


SET MODE LCD drive mode 


bits defines LCD drive mode 


1:8 MUX (8rows) O 
1:16 MUX (16 rows) 1 
1:24 MUX (24 rows) 1 
1:32 MUX (32 rows) O 


c|s ofrjer cola mo) 


display status bits defines display status 


blank Oy,.D 
normal 0 1 
all segments on 1 0 
inverse video 1 1 
system type bit T defines system type 


PCF8578 row only 
PCF8578 mixed mode 


SET START BANK 


start bank pointer bits defines pointer to RAM bank 
corresponding to the top of 

the LCD. Useful for scrolling, 
pseudo-motion and background 


preparation of new display 


bank 0 0 
bank 1 0 
1 
1 


bank 2 
bank 3 


DEVICE SELECT 


cli 1 ofas A2 Ai AO 


bits A3 A2 A1 AO 


four bits of immediate data, 
bits AO to A3, are transferred 
to the subaddress counter to 
define one of sixteen hardware 
subaddresses 


4-bit binary value of 0 to 15 
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command / opcode 


options description 
RAM ACCESS RAM access mode bits G1 GO defines the auto-increment 
To ——__——_ | behaviour Of the address for 
character RAM access 
| half graphic 


[efi 1 1|e1 co|v1 Yo | full graphic 


not allowed” 


--00 


two bits of immediate data, 
bits YO to Y1, are transferred 
to the Y-address pointer to 
define one of four banks for 
RAM access 


bits Yi VO 


2-bit binary value of 0 to3 


six bits of immediate data, 
bits XO to X5, are transferred 
to the X-address pointer to 
define one of forty display 
RAM columns 


LOAD X-ADDRESS bits X5 X4 X3 X2 X1 XO 


clo|x5 x4 x3 x2 X1X0] | 6-bit binary value of 0 to 39 


DEVELOPMENT DATA 


* See opcode for SET START BANK. 
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CHARACTERISTICS OF THE |?C-BUS 


The |?C-bus is for bidirectional, two-line communication between different ICs or modules. The two 
lines are a serial data line (SDA) and a serial clock line (SCL) which must be connected to a positive 
supply via a pull-up resistor. Data transfer may be initiated only when the bus is not busy. 


Bit transfer 


One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this moment will be 
interpreted as control signals. 


! ' 
1 data line { change | 
\ stable | ofdata | 
i} dats valid i allowed | 7287019 


Fig.14 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition 
of the data line while the clock is HIGH, is defined as the stop condition (P). 


| eee | Keenan 
ee \ = ' e683 

' { | 1 

SDA } ‘ H H SDA 
{ + -- 1 
' ! i} ' 

SCL 4 ! \ \ SCL 
! Ss i i] P ' 
! ! ! ! 
towed | 

Start conditi it it. 

rt condition stop condition 7287005 


Fig.15 Definition of start and stop condition. 
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System configuration 


A device transmitting a message is a “’transmitter’’, a device receiving a message is the ‘receiver’. 
The device that controls the message flow is the ‘‘master”’ and the devices which are controlled by 
the master are the “’slaves’’. 


SDA 
SCL 


MASTER MASTER 
TRANSMITTER/ TRANSMITTER/ TRANSMITTER/ 
RECEIVER RECEIVER RECEIVER 


7287004 


Fig.16 System configuration. 


Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is unlimited. Each data byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit is a HIGH level put on the bus by the transmitter, whereas the master generates an extra 
acknowledge related clock pulse. A slave receiver which is addressed must generate an acknowledge 
after the reception of each byte. Also a master must generate an acknowledge after the reception of 
each byte that has been clocked out of the slave transmitter. The device that acknowledges must 

pull down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW 
during the HIGH period of the acknowledge related clock pulse (set-up and hold times must be taken 
into consideration). A master receiver must signal the end of 2 data transmission to the transmitter 

by not generating an acknowledge on the last byte that has been clocked out of the slave. In this event 
the transmitter must leave the data line HIGH to enable the master to generate a stop condition. 


DEVELOPMENT DATA 


start clock pulse for 
condition acknowledgement 


SCL FROM 1 
MASTER “Te ee af ON Pie 
! -- 
DATA OUTPUT y ca 
BY TRANSMITTER } 
DATA OUTPUT ~ 
BY RECEIVER 
7287007 


Fig.17 Acknowledgement on the |? C-bus. 


Note 
The general characteristics and detailed specification of the !?C-bus are available on request. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter 


min. 


symbol max unit 
Supply voltage range Vpp —0.5 + 8.0 Vv 
LCD supply voltage range VicD Vpp -11 Vpp Vv 
Input voltage range at 
SDA, SCL, CLK, TEST, 
SAO and OSC Vii Vss —0.5 Vpp + 0.5 Vv 
V2toV5 Vi2 Vicp —90.5 Vpop+t0.5 Vv 
Output voltage range at 
SYNC and CLK | Vo1 Vss —0.5 Vpp + 0.5 Vv 
RO to R7, R8/C8 to R31/C31, | 
and C32 to C39 | Vo2 ' VLep —0.5 Vpp+0.5 Vv 
DC input current 1 —10 10 mA 
DC output current | lo —10 10 mA 
Vpp,. Vss or VLCD current Ipp. Iss, |LeD —50 50 mA 
Power dissipation per package | Prot - 400 mW 
| Power dissipation per output | Po - 100 mW 
Storage temperature range | Tstg —65 +150 oc 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 


totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 


‘Handling MOS Devices’). 
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DC CHARACTERISTICS 
Vpp = 2.5 V to 6.0 V; Vss = 0 V; VLcD = Vpp —3.5 V to Vpp —9 V; Tamb = —40 OC to + 85 OC; 


unless otherwise specified 


parameter conditions 


Leakage current 
at SDA, SCL, SYNC, 
CLK, TEST and SAO Vi=Vpp or Vss 14 


Leakage current 


Supply 
Supply voltage 
LCD supply voltage 
Supply current note 1; 
external clock fCOLK = 2 kHz Ipp1 
internal clock Rosc = 330 kQ Ipp2 
Power-on reset level note 2 VporR 
Logic 
Input voltage LOW VIL 
Input voltage HIGH VIH 
Output current LOW 
< at SYNC and CLK VoL=1.0 V 
FE Vop=5V 'Ou1 
fa) Output current HIGH 
5 | atSYNC and CLK VOH = 4.0 V 
w Vpp=5V !0H1 
j 
= | SDA output current LOW | Vo, = 0.4 V; 
a Vop=5V lov2 
> 
w 
a 


at OSC Vi=Vpp IL2 
Input capacitance 

at SCL and SDA note 3 Cc; 
LCD outputs 
Leakage current at 

V2toVs Vi=Vpp or Vicpb 


DC component of LCD 
drivers RO to R7, 
R8/C8 to R31/C31, 
and C32 to C39 


Output resistance at note 4 
RO to R7 and R8/C8 to 
R31/C31 row mode 
R8/C8 to R31/C31 
and C32 to C39 column mode 
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AC CHARACTERISTICS (note 5) 


Vpp = 2.5 to 6 V; Vss = 0 V; VLcp = Vpop —3.5 V to Vpp —9 V; Tamb = - 40 to + 85 °C; 
unless otherwise specified 


| parameter | concitions | symbot__| min. | typ._| max. | unit | 

Clock frequency at Rosc = 330 kQ; 

multiplex rates of Vpop=6 V 

1:8, 1:16 and 1:32 fCLK1 1.2 23] 3.3 kHz 

1:24 fCLK2 0.9 1.6 2.5 kHz 
SYNC propagation delay tPSYNC - 500 ns 
Driver delays Vpp - Vicb =9 V; | 

with test loads tPLCD - - 100 us 

1? C-bus 
SCL clock frequency fscL — = 100 kHz 
Tolerable spike width 

on bus tsw - - 100 ns 
Bus free time TtBUF 4.7 - - us 
Start condition 

set-up time repeated start 

codes only tSU; STA 4.7 - - US 

Start condition 

hold time tHD; STA | 4.0 - - MS 
SCL LOW time tLow 4.7 _ = us 
SCL HIGH time tHIGH 4.0 - - us 
SCL and SDA rise time tr ~ = ys 
SCL and SDA fall time tf = — us 
Data set-up time tSU; DAT 
Data hold time tHD; DAT 


Stop condition 
set-up time 


tSU; STO 
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Notes to the characteristics 


1, Outputs are open; inputs at Vpp oF Vss; 1?C-bus inactive; external clock with 50% duty factor, 
(Ipp1 only). 
Resets all logic when Vpp < Vpor. 
Periodically sampled; not 100% tested. 


4. Resistance measured between output terminal (RO to R7, R8/C8 to R31/C31 and C32 to C39) 
and bias input (V2 to V5, Vpp and VLcp) when the specified current flows through one output 
under the following conditions (see Table 2): 


Vop = VoD — VLcD = 9 V; 
row mode, RO to R7 and R8/C8 to R31/C31 (row mode): 
V2 —VLcpb = 6.65 V; V5 — VLcb $2.35 V; ILOAD = 150 uA 
column mode, R8/C8 to R31/C31 (column mode) and C32 to C39: 
V3 — Vicpb 2 4.70 V; V4 —VLcD < 4.30 V; ILOAD = 100 HA. 
5. All timing values are referred to Vj} and Vj__ levels with an input voltage swing of Vss to Vpp. 


< 3.32 1.52 
FS SYNC.CLK ——L_}— 05Vpp soA ——__}— Yop 
Ke 
2 
s C39 to C32, 
R31/C31 to R8/C8 T 
5 and R7 to RO 
=} 1nF 7221535.1 
w 
> 
w A 
fa) Fig.18 Test loads. 
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Fig.19 Driver timing waveforms. 
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Fig.25 Example of single plane wiring, single screen with 1:32 multiplex rate (PCF8578 in row driver mode). 
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS 


TEST 


OOO00 007" 


R10/C10 


R/C 


Soi LED PCF8578 ie 

im R13/C13 
R14/C14 
R15/C15 
R16/C16 
R17/C17 
R18/C18 
R19/C19 
R20/C20 
R21/C21 


R22/C22 


acai OOOOOOOOO0O0000 


7221538 


Chip area: 14.14 mm? 
Bonding pad dimensions: 120 um x 120 um. 


Fig.26 Bonding pad locations. 
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Table 6 Bonding pad locations (dimensions in um) 


All x/y co-ordinates are referenced to the bottom left corner, see Fig.26. 


pad 
| sa R27/C27 
SCL 1438 4642 R26/C26 
SYNC 1234 | 4642 R25/C25 
CLK 1000 | 4642 R24/C24 
Vss 742 4642 R23/C23 
TEST 454 4642 R22/C22 
SAO 160 4642 | -R21/C21 
osc 160 4318 | R20/C20 
Vpp 160 | 3514 | -R19/C19 
V2 160 3274 R18/C18 
V3 160 3064 R17/C17 
V4 160 2860 R16/C16 
V5 160 2656 R15/C15 
| Viep 160 2452 R14/C14 

n.c. — -- R13/C13 

< n.c. — —~ 

E | C39 160 1252 

a | C38 160 1048 

5 4 (C37 160 844 

G | c36 160 628 

= | C35 160 406 

° C34 160 160 

w | C33 454 160 

a C32 742 160 

a R31/C31 1000 160 
R30/C30 1234 160 
R29/C29 1438 160 


|_R28/C28 1642 160 


EE Purchase of Philips’ 1?>C components conveys a license under the 
Philips’ 12C patent to use the components in the |?C-system 
BUS provided the system conforms to the I?C specifications defined 

by Philips. 
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CHIP-ON GLASS INFORMATION 


pe2sses 


Fig.27 Typical chip-on glass application (viewed from underside of chip). 


Note to Fig.27 
If inputs SAO and AO to A3 are left unconnected they are internally pulled-up to Vpp. 
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This data sheet contains advance information and 


PCF8579 


specifications are subject to change without notice 


LCD COLUMN DRIVER FOR DOT MATRIX GRAPHIC DISPLAYS 


GENERAL DESCRIPTION 


The PCF8579 is a low power CMOS LCD column driver, designed to drive dot matrix graphic displays 

at multiplex rates of 1:8, 1:16, 1:24 or 1:32. The device has 40 outputs and can drive 32 x 40 dots in 

a 32 row multiplexed LCD. Up to 16 PCF8579s can be cascaded and up to 32 devices may be used on 
the same |? C-bus (using the two slave addresses). The device is optimized for use with the PCF8578 

LCD row/column driver. Together these two devices form a general LCD dot matrix driver chip set, 
capable of driving displays of up to 40,960 dots. The PCF8579 is compatible with most microcontrollers 
and communicates via a two-line bidirectional bus (1? C-bus). Communication overheads are minimized 
by a display RAM with auto-incremented addressing and display bank switching. 


Features 


@ LCD column driver 

® Used in conjunction with the PCF8578, this device forms part of a chip set capable of driving up to 
40,960 dots 

40 column outputs 

Selectable multiplex rates; 1:8, 1:16, 1:24 or 1:32 

Externally selectable bias configuration, 5 or 6 levels 

Easily cascadable for large applications (up to 32 devices) 

1280-bit RAM for display data storage 

Display memory bank switching 

Auto-incremented data loading across hardware subaddress boundaries 
Power-on reset blanks display 

Logic voltage supply range 2.5 V to 6.0 V 

Maximum LCD supply voltage 9 V 

Low power consumption 

1?C-bus interface 

TTL/CMOS compatible 

Compatible with most microcontrollers 

Optimized pinning for single plane wiring in multiple device applications 
Space saving 56-lead plastic mini-pack 

Compatible with chip-on-glass technology 


APPLICATIONS 


® Automotive information systems 
® Telecommunication systems 

© Point-of-sale terminals 

© Computer terminals 

© Instrumentation 


PACKAGE OUTLINES 


PCF8579T: 56-lead mini-pack; plastic (VSO56; SOT190). 
PCF8579V: 64-lead tape-automated-bonding module (SOT267A). 
PCF8579U: chip with bumps on-tape. 
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A3 SYNC 
A2 SUBADDRESS RAM DATA POINTER TIMING 
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INPUT c-Bus COMMAND 
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7Z21G74D 


ne SAO (1) LCO voltage levels , al! other blocks operate at logic levels 


Fig.1 Block diagram. 
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PINNING 


PCF 8579 


DEVELOPMENT DATA 


7221373.) 


Fig.2 (a) Pinning diagram: VSO56; SOT 190. 
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PINNING (continued) 
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(1) Orientation mark. 


Fig.2 (b) Pinning diagram: SO122. 
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mnemonic description 
SDA 1?C-bus serial data line 
SCL |? C-bus serial clock line 
SYNC cascade synchronization input 
CLK external clock input 
| Vss ground (logic) 
TEST test pin (connect to Vss) 
SAO 1?C-bus slave address input (bit 0) 
A3 to AO 1?C-bus subaddress inputs 
Vpb positive supply voltage 
n.c. not connected 
V3 to V4 LCD bias voltage inputs 
VicD LCD supply voltage 
C39 to CO LCD column driver outputs 
= 


* Do not connect, this pin is reserved. 
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FUNCTIONAL DESCRIPTION 


The PCF8579 column driver is designed for use with the PCF8578. Together they form a general 
purpose LCD dot matrix chip set. 


Typically up to 16 PCF8579s may be used with one PCF8578. Each of the PCF857Qs is identified by 
a unique 4-bit hardware subaddress, set by pins AO to A3. The PCF8578 can operate with up to 


32 PCF8579s when using two |7C-bus slave addresses. The two slave addresses are set by the logic level 
on input SAO. 


Multiplexed LCD bias generation 


The bias levels required to produce maximum contrast depend on the multiplex rate and the LCD 
threshold voltage (Vth). Vth is typically defined as the RMS voltage at which the LCD exhibits 10% 
contrast. Table 1 shows the optimum voltage bias levels for the PCF 8578/PCF8579 chip set as 
functions of Vop (Vop = VDD — VLCD), together with the discrimination ratios (D) for the different 
multiplex rates. A practical value for Vop is obtained by equating Voff(rms) with Vth. 


Table 1 Optimum LCD bias voltages 


multiplex rate 
parameter pei be ew | 
| ante 1:24 } 4:32 
0.739 0.800 | 0.830 0.850 
Vv 
as 0.522 - 0.600 0.661 0.700 
Vop | | | 
| 
V4 j | 
0.478 | 0.400 0.339 0.300 
Van 
Vv H 
5 0.261 0.200 | 0.170 0.150 
Vop | | | | 
ae te I Sun Reale: ERs eee 
Vv 
~off(rms) 0.297 0.245 0.214 0.193 
_ Von(rms) 
Voff(rms) 
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18 1:16 1:24 1:32 
multipiex 
rate 


Fig.3 LCD bias voltage as a function of the multiplex rate. 


Power-on reset 
At power-on the PCF8579 resets to a defined starting condition as follows. 


Display blank (in conjunction with PCF8578) 

1:32 multiplex rate 

start bank O selected 

Data pointer is set to X, Y address 0, 0 

Character mode 

Subaddress counter is set to 0 

1? C-bus is initialized. 

Data transfers on the |?C-bus should be avoided for 1 ms following power-on, to allow completion of 
the reset action. 
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FUNCTIONAL DESCRIPTION (continued) 
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Fig.4 LCD row/column waveforms. 
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1 > 8 multiplex rate 
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DEVELOPMENT DATA 


ae Vstate 1(t) = C1(t) — R1(t): 


v 1 
261 Vop- contre hee 


0 
-0.261 Vo.~ | * 80/841) 


Vstate 2(t) = C2(t) — R2(t): 


Vstate 1 () 


ae - 


‘oe Sa. 


0.261 V,,~ general relationship (n = multiplex rate) 


= 0.297 
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Fig.5 LCD drive mode waveforms for 1:8 multiplex rate. 
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FUNCTIONAL DESCRIPTION (continued) 
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Fig.6 LCD drive mode waveforms for 1:16 multiplex rate. 
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Timing generator 
The timing generator of the PCF8579 organizes the internal data flow from the RAM to the display 


drivers. An external synchronization pulse SYNC is received from the PCF8578. This signal maintains 
the correct timing relationship between cascaded devices. 


Column drivers 


Outputs CO to C39 are colurnn drivers which must be connected to the LCD. Unused outputs should 
be left open-circuit. 


Display RAM 

The PCF8579 contains a 32 x 40 bit static RAM which stores the display data. The RAM is divided 
into 4 banks of 40 bytes (4 x 8 x 40 bits). During RAM access, data is transferred to/from the RAM 
via the |*C-bus. 


Data pointer 

The addressing mechanism for the display RAM is realized using the data pointer. This allows an 
individual data byte or a series of data bytes to be written into or read from the display RAM, as 
specified by commands sent on the !?C-bus. 


Subaddress counter 

The storage and retrieval of display data is dependent on the content of the subaddress counter. Storage 
and retrival take place, only when the contents of the subaddress counter agree with the hardware 
subaddress at pins AO, Al, A2 and A3. 

|?C-bus controller 

The |?C-bus controller detects the |*C-bus protocol, slave address, commands and display data bytes. 
It performs the conversion of the data input (serial-to-parallel) and the data output (parallel-to-serial). 
The PCF8579 acts as an |*C-bus slave transmitter/receiver. Device selection depends on the |?C-bus 
slave address, the hardware subaddress and the commands transmitted. 


DEVELOPMENT DATA 


Input filters 
To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on 
the SDA and SCL lines. 
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FUNCTIONAL DESCRIPTION (continued) 


RAM access 


There are three RAM ACCESS modes: 


@ Character 
@ Half-graphic 
@ Full-graphic 


These modes are specified by bits G1 and GO of the RAM ACCESS command. The RAM ACCESS 
command controls the order in which data is written to or read from the RAM (see Fig.7). 


To store RAM data, the user specifies the location into which the first byte will be loaded (see Fig.8): 
@ Device subaddress (specified by the DEVICE SELECT command) 


@ RAM X-address (specified by the LOAD X-ADDRESS command) 
@ RAM bank (specified by bits Y1 and YO of the RAM ACCESS command) 


Subsequent data bytes will be written or read according to the chosen RAM access mode. Device 
subaddresses are automatically incremented between devices until the last device is reached. If the 


last device has subaddress 15, further display data transfers will lead to a wrap-around of the subaddress 
to 0. 


Display control 


The display is generated by continuously shifting rows of RAM data to the dot matrix LCD, via the 


column outputs. The number of rows scanned depends on the multiplex rate set by bits M1 and MO 
of the SET MODE command. 


The display status (all dots on/off and normal/inverse video) is set by bits E1 and EO of the SET MODE 
command. For bank switching, the RAM bank corresponding to the top of the display is set by bits B1 
and BO of the SET START BANK command. This is shown in Fig.9. This feature is useful when 
scrolling in alphanumeric applications. 
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RAM 


top of LCD 


loxe) 


DEVELOPMENT DATA 


OO000000 
e) 


7221550 


Fig.9 Relationship between display and SET START BANK; 
1:32 multiplex rate and start bank = 2. 
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1?C-BUS PROTOCOL 


Two 7-bit slave addresses (0111100 and 0111101) are reserved for both the PCF8578 and PCF8579. 
The least-significant bit of the slave address is set by connecting input SAO to either 0 (Vss) or 1 


(Vpp). Therefore, two types of PCF8578 or PCF8579 can be distinguished on the same |? C-bus 
which allows: 


(a) one PCF8578 to operate with up to 32 PCF857Q9s on the same |*C-bus for very large applications. 
(b) the use of two types of LCD multiplex schemes on the same |? C-bus. 


In most applications the PCF8578 will have the same slave address as the PCF8579. 


The |?C-bus protocol is shown in Fig. 10. All communications are initiated with a start condition (S) 
from the !*C-bus master, which is followed by the desired slave address and read/write bit. All devices 
with this slave address acknowledge in parallel. All other devices ignore the bus transfer. 


In WRITE mode (indicated by setting the read/write bit LOW) one or more commands follow the 
slave address acknowledgement. The commands are also acknowledged by all addressed devices on 
the bus. The last command must clear the continuation bit C. After the last command a series of data 
bytes may follow. The acknowledgement after each byte is made only by the (AO, A1, A2 and A3) 
addressed PCF8579 or PCF8578 with its implicit subaddress 0. After the last data byte has been 
acknowledged, the |7C-bus master issues a stop condition (P). 


In READ mode, indicated by setting the read/write bit HIGH, data bytes may be read from the RAM 
following the slave address acknowledgement. After this acknowledgement the master transmitter 
becomes a master receiver and the PCF8579 becomes a slave transmitter. The master receiver must 
acknowledge the reception of each byte in turn. The master receiver must signal an end of data to the 
slave transmitter, by not generating an acknowledge on the last byte clocked out of the slave. The 
slave transmitter then leaves the data line HIGH, enabling the master to generate a stop condition (P). 


Display bytes are written into, or read from, the RAM at the address specified by the data pointer and 
subaddress counter. Both the data pointer and subaddress counter are automatically incremented, 
enabling a stream of data to be transferred either to, or from, the intended devices. 


In multiple device applications, the hardware subaddress pins of the PCF 8579s (AO, A1, A2 and A3) 
are connected to Vss or Vpp to represent the desired hardware subaddress code. If two or more 


devices share the same slave address, then each device must be allocated with an unique hardware 
subaddress. 
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acknowledge 
by AO. Al A2 and Ad 
selected PCFBS74s/ 
PCFB579s only 


acknowledge Dy 
— — a addressed = 
AIW | pceasras/Pcras7os 


= 
ire slave address —> | | | | 
if ' 4 

[efor n ffelale Fieri je] | gomavone | [AP 


Ls bya —__J -——n>tbytes——-_ ___—-_ n » Oytes — 


upd pointers 
ang ssary 
subscdress counter 


7221847 


Fig.10(a) Master transmits to slave receiver (WRITE mode). 


acknowledge 
———_ by all accressea ——_—__——___ 
Fas | PCF8S78s/PCFESTSs | 
A | he 
= acknow! no acknowledge 
— . tI ee | | bp a | 
= Slave acdress } i ! Tene @ adaress } | trom master mt trom master } 
a 
fe) 7 7] | 4 
= | -~ n> 1 byte 4 1 n bytes ; last bytes ase 
w aw Rw } 
> at this moment master 
w Mansmitter Decomes 8 H update dala pointers 
a master receiwer and } and if necessary 
perusreyrcrasrs slave subaderess counter 
receiver becomes & 
Slave transmitter 7221548 


Fig.10(b) Master reads after sending command string (WRITE commands; READ data). 


acknowledge 
by all addressed acknowledge no acknowledge 
PCF8578s/PCFBS79s from master from master 


io address = } ' 


| 
EISOOOCR DENSON 


a beaks n bytes ee — last byte —— J 


update data pointers 
—— and if necessary 
subaddress counter 


7221546 


Fig.10(c) Master reads-slave immediately after sending slave address (READ mode). 
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1?C-BUS PROTOCOL (continued) 


Command decoder 


The command decoder indentifies command bytes that arrive on the |? C-bus. The most-significant 

bit of a command is the continuation bit C (see Fig.11). When this bit is set, it indicates that the 

next byte to be transferred will be a command. If the bit is reset, it indicates the conclusion of the 
command transfer. Further bytes will be regarded as display data. Commands are transferred in WRITE 
mode only. 


MSB LSB 


| REST OF OPCODE 


7221545 


C = 0; last command 
C = 1; commands continue 


Fig.11 General format of command byte. 
The five commands available to the PCF8579 are defined in Table 2. 


Table 2 Summary of commands 


(D D D D > 12 is not allowed; see SET 


START BANK opcode) 
defines bank at top of LCD 


command | description 
CODDDDDD LOAD X-ADDRESS | Oto 39 
C10DDDDD SET MODE | multiplex rate, display status, system type | 
C110DDDD DEVICE SELECT defines device subaddress 
CTT DDD | RAM ACCESS | graphic modes, bank select 


c€11111D0D SET START BANK 


Where: 


C = command continuation bit 
D = may bea logic 1 or 0. 
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Table 3 Definition of PCF8578/PCF8579 commands 


command / opcode 


SET MODE LCD drive mode 


C}1/0/T|E1 EO|M1 MO 


options 


1:16 MUX (16 rows) 
1:24 MUX (24 rows) 
1:32 MUX (32 rows) O 


1:8 MUX (8rows) 0O 
1 
1 


bits E1 


display status 


blank 

normal 
all segments on 
inverse video 


=~=2O00 


bit T 


bitsM1 MO 


< system type 
q 
a PCF8578 row only 0 
= PCF8578 mixed mode 1 
Ww 
= 
a 
9 | SETSTART BANK start bank pointer bits B1 
5 
ray bank 0 0 =O 
bank 1 GO 
[efi 111 1/81 80 | bank 2 -_ 
= bank 3 | 


DEVICE SELECT 


4-bit binary value of 0 to 15 


c]1 1 ofa3 a2 at Ao | 


bits A3 A2 A1 AO 


description 


defines LCD drive mode 


defines display status 


defines system type 


defines pointer to RAM bank 
corresponding to the top of 
the LCD. Useful for scrolling, 
pseudo-motion and background 
preparation of new display 


four bits of immediate data, 
bits AO to A3, are transferred 
to the subaddress counter to 
define one of sixteen hardware 
subaddresses 
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1?C BUS PROTOCOL (continued) 


Table 3 (continued) 


command / opcode options description 


RAM ACCESS RAM access mode bits G1 GO defines the auto-increment 
behaviour of the address for 
character 0-0 RAM access 
half graphic OF el 
| [c]1 1 1[61 Goly¥1 Yo | | full graphic "0 
| not allowed* 1 1 
mr 
bits YAL YO two bits of immediate data, 
| bits YO to Y1, are transferred 
2-bit binary value of 0 to3 to the Y-address pointer to 
| define one of four banks for 
RAM access 
7 ee 
SEE ae 
LOAD X-ADDRESS | bits X5 X4 X3 X2 X1 XO six bits of immediate data, 


bits XO to X5, are transferred 


| clo| X5 X4 X3 X2 X1 XO 6-bit binary value of 0 to 39 to the X-address pointer to 


define one of forty display 
RAM columns 


* See opcode for SET START BANK. 
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CHARACTERISTICS OF THE |?C-BUS 


The |?C-bus is for bidirectional, two-line communication between different |Cs or modules. The two 
lines are a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a 
positive supply via a pull-up resistor. Data transfer may be initiated only when the bus is not busy. 


Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA Jine must remain stable during 
the HIGH period of the clock pulse as changes in the data line at this time will be interpreted as a 
control signal. 


' 

1 data line change 

1 stable: | of data 

1 data valid t allowed | 7287019 


Fig.12 Bit transfer. 


Start and stop conditions 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to- LOW transition of the 
data line, while the clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH, is defined as the stop condition (P). 


DEVELOPMENT DATA 


17 aaa: | | eae | 
onda ' ae | ps 

' | | ' 

SDA oN 4 / \ tf SDA 
1 as is : H 
1 1 i i 

SCL ! ! H ! scl 
rs it { ip: 9 
! | | 1 
ted L---—J 

start condition stop condition 


7287005 


Fig.13 Definition of start and stop condition. 
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CHARACTERISTICS OF THE !?C-BUS (continued) 


System configuration 


A device transmitting a message is a ’’transmitter’’, a device receiving a message is the ‘receiver’. The 
device that controls the message flow is the ‘‘master’’ and the devices which are controlled by the 
master are the "’slaves’’. 


SDA 
SCL 
MASTER SLAVE MASTER 
MA’ R 
TRANSMITTER / Pons TRANSMITTER/ ce ian TRANSMITTER / 
RECEIVER RECEIVER oe RECEIVER 
7287004 
Fig.14 System configuration. 
Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 

receiver is unlimited. Each data byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit is a HIGH level put on the bus by the transmitter, whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has 

been clocked out of the slave transmitter. The device that acknowledges must pull down the SDA line 
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse (set-up and hold times must be taken into consideration). A master 
receiver must signal the end of a data transmission to the transmitter by not generating an acknowledge 
on the last byte that has been clocked out of the slave. In this event the transmitter must jeave the 

data line HIGH to enable the master to generate a stop condition. 


start clock pulse for 
condition acknowledgement 
1 


SCL FROM 1 
MASTER phe tf, feo .. 
DATA OuTPUT a 
BY TRANSMITTER : 
DATA OUTPUT = 
BY RECEIVER 


7287007 


Fig.15 Acknowledgement on the 1?C-bus. 


Note 


The general characteristics and detailed specification of the |? C-bus is available on request. 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
parameter Leute | min. 
~<{F 
Supply voltage range Vop -0.5 
LCD supply voltage range VLcD Vpp -11 
Input voltage range at 
SDA, SCL, SYNC, CLK, TEST, 
SAO, AO, A1, A2 and A3 Vi | Vss —0.5 
V3 to V4 vi2 Vicp —0.5 
| Output voltage range at 
SDA Vo1 Vss —0.5 
CO to C39 Vo2 Vicp —0.5 
| DC input current in | -10 
| DC output current lo —10 
Vpp, Vss or VLCD current Ipp, Iss. !LepD 
Power dissipation per package Prot 
Power dissipation per output Po 
Storage temperature range Tstg 


HANDLING 
Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 


totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 


DEVELOPMENT DATA 
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DC CHARACTERISTICS 


VDD = 2.5 V to 6.0 V; Vss = 0 V; VLCD = Vpp —3.5 V to Vpp —9 V; Tamb = —40 °C to + 85 OC; 
unless otherwise specified 


parameter conditions symbol min. typ. max. unit | 
Supply | [ 
Supply voltage | Vpp 2.5 - 6.0 Vv 
LCD supply voltage | Vicp Vpp -9/ — Vpp —3.5 | V 
Supply current note 1; } 
fCLK = 2 kHz Ipp1 - 9 20 uA | 

Power-on reset level | note 2 VPOR - 1.3 1.8 Vv 
Logic | 
Input voltage LOW ViL Vss - 03Vpp |V 
Input voltage HIGH VIH 0.7 Vpp!| — VDD Vv 
Leakage current | 

at SDA, SCL, SYNC, 

CLK, TEST, SAO, } | 

AO, A1, A2 and A3 Vi=Vpp or Vss 11 -1 - | 1 HA 
SDA output current LOW | Vo, = 0.4 V; | 

Vpp=5V lOL 3 - - mA 
Input capacitance note 3 Cc) — - 5 pF 
| 

LCD outputs 
Leakage current at 

V3 to V4 Vi=Vpp or Vicp | IL2 2 = 2 yA | 
DC component of LCD 

drivers CO to C39 +Vpc - 20 ~ mV 
Output resistance at 

CO to C39 note 4 RCOL ~ ile \s kQ 

L ihc i 
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AC CHARACTERISTICS (note 5) 


VppD = 2.5 to 6 V; Vss = 0 V; VLCD = Vpp —3.5 V to Vpp —9 V; Tamb = —40 to + 85 OC; unless 
otherwise specified 


—— a ee eee _—— 
parameter | conditions symbol min. | typ. max. | unit | 
= — -_—— TT -_--- =i ~ $- 


Clock frequency 50% duty factor hfCLK - |,* 10 kHz 
Driver delays Vpop- Vicp=9V; | 
with test loads tPLCD - ~ 100 us 

1?C-bus 
SCL clock frequency fscL - - 100 kHz 
Tolerable spike width | | 

on bus tsw i= = 100 | ns 
Bus free time | tBUF 4.7 - = us 
Start condition repeated start 

set-up time codes only tSU; STA 4.7 => = us 


Start condition 


<« | hold time tHD:STA | 4.0 = 
& | SCL LOW time | tlow 47. | = 
C | SCLHIGH time | tutGH 40 |—- 
3 | SCL and SDA rise time tr ee ic 
= | SCLand SDA fall time ty pa 
3 Data set-up time tSU: DAT 260 1) = 
a | Data hold time tHD; DAT | 0 = 


Stop condition 
set-up time tsu; STO | 4.0 - 
L 


* Typically 0.9 to 3.3 kHz. 
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Notes to the characteristics 


1. Outputs are open; inputs at Vpp or Vss; |? C-bus inactive; clock with 50% duty cycle. 


2. Resets all logic when Vpp < Vpor. 

3. Periodically sampled; not 100% tested. 

4. Resistance measured between output terminal (CO to C39) and bias input (V3 to V4, Vpp and 
VLCD) when the specified current flows through one output under the following conditions 
(see Table 1): 

Vop = VoD — VicD = 9 V; 

V3-Vicp 24.70 V; V4 — Vicp $4.30 V; ILOAD = 100 HA. 

All timing values are referred to Vj} and V){_ levels with an input voltage swing of Vss to Vpp. 


CO to C39 — 4h 


inf 


72215341 


Fig.16 Test loads. 
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5Vv 


CO to 


(Vpp-Yicp = 9 ¥ 
c39 op~Yico ) 


5Vv 


i 
| 
Rs 


72215301 


t 
— — 


DEVELOPMENT DATA 


| 
—=l tip.sta | 


SDA 


—=) 'susra [— 
'su.sto 


7221536 


Fig.18 1?C-bus timing waveforms. 
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APPLICATION INFORMATION (continued) 
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| | 


A Heit Tete 
Hit wid 


Pcresres 


rrz1331 


LCD DISPLAY 


DEVELOPMENT DATA 


Fig.22 Example of single plane wiring, single screen with 1:32 multiplex rate (PCF8578 in row driver mode). 
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS 


Ag 
TEST 


co 

< 

a 
O 


PCF8579 


GB ooo BooDe BEBO OE Bie 


6/0 OOOO 


Cc. 

C34 
C32 
C31 


O 
c33| () 
O 
O 


7221537 


Chip area: 13.6 mm? 
Bonding pad dimensions: 120 um x 120 um 


Fig.23 Bonding pad locations. 
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Table 4 Bonding pad locations (dimensions in um) 
All x/y co-ordinates are referenced to the bottom left corner, see Fig.23. 


ea asi a a ee ee ae =| 7 See, — 
iepede= ae ip Veneta pad ener 
| 

SDA 1726 4444 | C27 

| SCL 1522 | 4444 | C26 

SYNC | 1318 4444 | C25 

CLK 1114 | 4444 | C24 

Vss | 910 4444 C23 

TEST 688 4444 | C22 

SAO | 442 4444 | C21 

A3 160 | 4444 C20 
A2 160 | 4222 c19 | 

Al | 160 4018 =| C18 

| AO | 160 | 3814 C17 

Vpp 160 3010 ~| C16 

n.c 160 2806 =|: C15 

V2 160 2602 C14 

V3 160 | 2398 C13 

« | VCD 160 | 2194 C12 
& | C39 160 994 C11 | 
a C38 | 160 790 C10 

5 C37 160 586 c9 
G | C36 160 382 c8 | 

2 C35 160 160 | C7 

9° C34 442 160 cé 
w C33 688 160 C5 | 
a | C32 910 160 c4 

o | ¢31 1114 160 c3 

| ¢30 1318 160 C2 

| C29 1522 160 C1 

| C28 as 1726 160 co 

Co 


( Purchase of Philips’ 1?C components conveys a license under the 
Philips’ 1?C patent to use the components in the |?C-system 
BUS provided the system conforms to the I?C specifications defined 

by Philips. 
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CHIP-ON GLASS INFORMATION 


© © pcres7s 
S ©, 
© 
°° oe 
° & 
phitadas ° 


Fig.24 Typical chip-on glass application (viewed from underside of chip). 


Note to Fig.24 
If inputs SAO and AO to A3 are left unconnected they are internally pulled-up to Vpp. 
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DEVELOPMENT DATA 


This data sheet contains advance information and His 
specifications are subject to change without notice. Bus 


256 x 8-bit STATIC CMOS EEPROM 
WITH I?7C-BUS INTERFACE 


GENERAL DESCRIPTION 


The PCF8582A is a 2 Kbits 5 Volt electrically erasable programmable read only memory (EEPROM) 
organized as 256 by 8-bits. It is designed in a floating gate CMOS technology. 


As data bytes are received and transmitted via the serial 12C-bus, an eight pin DIL package is sufficient. 
Up to eight PCF8582A devices may be connected to the I?C-bus. 


Chip select is accomplished by three address inputs. 


Timing of the Erase/Write cycle can be done in two different ways; either by connecting an external 
clock to the ‘‘Programming Timing Control’, pin (7 or 13), or by using an internal oscillator. 
If the latter is used an RC time constant must be connected to pin 7 or 13. 


Features 


Non-volatile storage of 2 Kbits organized as 256 x 8 
Only one power supply required (5 V) 

On chip voltage multiplier for erase/write 

Serial input/output bus (12C) 

Automatic word address incrementing 

Low power consumption 

One point erase/write timer 

Power on reset 

10,000 erase/write cycles per byte 

10 years non-volatile data retention 

Infinite number of read cycles 

Pin and address compatible to PCF 8570, PCF8571, PCF 8582 and PCD8572 
External clock signal possible. 


A version with automotive temperature range —40 to + 125 °C 


(PCF8582B) and a version with extended temperature range 
—40 to + 85 °C (PCF8582C) are in preparation. 


PACKAGE OUTLINE 


PCF8582AP; 8-lead dual in line; plastic (SOT97). 
PCF8582AT; 16-lead mini-pack; plastic (SO 16L; SOT 162A). 
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256 x 8-bit Static CMOS EEPROM with !?C-bus interface PCF8582A 


Vp i me ! address inputs/test 
nr 3 A2 mode select 
4 Vss ground 
scL 5 SDA | 2 : 
6 SCL 1*C-bus lines 
SPA 7 PTC _ programming time control 
72966712 8 Vpp_ positive supply 


Fig. 2 (a) Pinning diagram. 


nic 
2? nics 
; aa address inputs/test 
5 A2 mode select 
6 Vss ground 
Jone 
< 8 nc. 
< PCF 8582AT 9 nc 
= 10° n.c. 
2 
= 4 cert 1?C-bus lines 
° 13. PTC programming time control 
in 14 Vpp_ positive supply 
an 15 nc. 
[a) 7295939,1 16 n.c. 


Fia. 2 (b) Pinning diagram. 


14 


R 
PCF 8582AT E/W PCF8582AP 


13 PTC 


72230471 7223046.1 


Figs. 3 (a) and (b) RC circuit connections to PCF8582AP and PCF8582AT 
when using the internal oscillator 
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FUNCTIONAL DESCRIPTION 
Characteristics of the 12C-bus 


The 1?C-bus is intended for communication between different ICs. The serial bus consists of two 
bi-directional lines, one for data signals (SDA), and one for clock signals (SCL). Both the SDA and 
the SCL lines must be connected to a positive supply voltage via a pull-up resistor. 

The following protocol! has been defined: 


Data transfer may be initiated only when the bus is not busy. 

During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in the 
data line while the clock line is HIGH will be interpreted as control signals. 

The following bus conditions have been defined: 


Bus not busy; both data and clock lines remain HIGH. 

Start data transfer; a change in the state of the data line, from HIGH to LOW, 

while the clock is HIGH defines the start condition. Stop data transfer; a change in the state of the data 
line, from LOW to HIGH, while the clock is HIGH, defines the stop condition. 

Data valid; the state of the data line represents valid data when, after a start condition, the data line 

is stable for the duration of the HIGH period of the clock signal. There is one clock pulse per 

bit of data. 


Each data transfer is initiated with a start condition and terminated with a stop condition; the number 
of the data bytes, transferred between the start and stop conditions is limited to two bytes in the 
ERASE/WRITE mode and unlimited in the READ mode. The information is transmitted in bytes and 
each receiver acknowledges with a ninth bit. 


Within the |?C-bus specifications a low speed mode (2 kHz clock rate) and a high speed mode (100 kHz 
clock rate) are defined. The PCF8582A operates in both modes. 


By definition a device that sends a signal is called a ‘‘transmitter’’, and the device which receives the 
signal is called a ‘‘receiver’’. The device which controls the signal is called the ‘master’. The devices 
that are controlled by the master are called ‘‘slaves”’. 


Each word of eight bits is followed by one acknowledge bit. This acknowledge bit is a HIGH level put 
on the bus by the transmitter. The master generates an extra acknowledge related clock pulse. 

The slave receiver which is addressed is obliged to generate an acknowledge after the reception of 
each byte. 

The master receiver must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. 

The device that acknowledges has to pull down the SDA line during the acknowledge clock pulse in 
such a way that the SDA line is stable LOW during the HIGH period of the acknowledge clock pulse in 
clock pulse. 

Set-up and hold times must be taken into account. A master receiver must signal an end of data to the 
slave transmitter by not generating an acknowledge on the last byte that has been clocked out of the 
slave. In this condition the transmitter must leave the data line HIGH to enable the master generation 
of the stop condition. 


Note 
Detailed specifications of the |?C-bus are available on request. 
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12C-Bus Protocol 


The 1?C-bus configurations for different READ and WRITE cycles of the PCF8582A are shown in 
Fig. 4, (a), (b) and (c). 


acknowledge acknowledge acknowledge acknowledge 
from slave from slave from slave from slave 
| 
1 
|S | SLAVE ADDRESS |o] a] WORD ADDRESS BG DATA a | DATA la] | a) 
7294117.1 R/W auto increment auto increment 
word address (2) word address (2) 


(1) After this stop condition the erase/write cycle starts and the bus is free for another transmission. 
The duration of the erase/write cycle is approximately 30 ms if only one byte is written and 60 ms 
if two bytes are written. During the erase/write cycle the slave receiver does not send an 
acknowledge bit if addressed via the |2C-bus. 

(2) The second date byte is voluntary. It is not allowed to erase/write more than two types. 


Fig. 4(a) Master transmitter transmits to PCF8582A slave receiver (ERASE/WRITE mode). 


from master 


acknowledge acknowledge acknowledge acknowledge 
from slave from siave from slave from master 

S ' 
s ! | . 
a ls | SLAVE ADDRESS ofa] WORD ADDRESS lal s | SLAVE ADDRESS I+ Ja] DATA aes 
kK 
2 f at this moment master i b 
Z R/W transmitter becomes R/W n bytes 
= master receiver and K 
Q. PCF8582A slave receiver auto emer: 
° 7296672.1 becomes slave transmitter word address 
Ww 
2 no acknowledge 
fa) 


Fig. 4(b) Master reads PCF8582A slave after setting ' 
word address (write word address; READ data). 7 eS cara fs PY 
u—— last byte 


auto increment 
word address 


acknowledge acknowledge no acknowledge 
from slave from master from master 


fs] aaeadons PET A 


R/iw “—n Hf t___ we — Ie 


auto increment auto increment 
7Z87033.4 word address word address 


Fig. 4(c) Master reads PCF8582A slave immediately after first byte (READ mode).* 


Note: the slave address is defined in 


accordance with the I?C-bus 
specification as: [1 [o [1 [o [a2 [ar [ao [ar] 
* The device can be used as read only without the programming clock. 
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1?C-bus timing 


SDA 


SDA 


7287013.2 


'SU;STA 'su;STO 
Fig. 5 1?C-bus timing. 
t, t 
‘DEL | | THIGH | |_‘Low 
|} >} | 
A a 
etc!) 1 2 257 
= | ae 
SDA \ / 
as et 
SCL \ / | 
sToP 7Z23045.1 
' 
“4 (a) 
t- ty 
‘DEL | | HIGH | tLow 
| |=} |= 
etc" 513 
SDA 
SCL 
STOP (b) 7223044.1 


(1) If external clock for PTC is chosen, this information is latched internally by leaving pin 7 LOW 


after transmission of the eight bit of the word address (negative edge of SCL). The state of PTC then, 
may be previously undefined. 


Fig. 6 (a) One-byte ERASE/WRITE cycle; (b) two-byte ERASE/WRITE cycle. 
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256 x 8-bit Static CMOS EEPROM with I?C-bus interface 


Ratings 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Parameter 


Supply voltage 
Voltage on any input pin input impedance 500 2 
Operating temperature range 
Storage temperature range 
Current into any input pin 
Output current 


DEVELOPMENT DATA 


—1) 
Ge 


by Philips. 


Purchase of Philips’ 1?C components conveys a license under the 
Philips’ 1?C patent to use the components in the |?C-system 
BU i=} provided the system conforms to the I?C specifications defined 


PCF8582A 
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CHARACTERISTICS 
Vpp = 5 V: Vss = 0 V; Tamb = —40 to +85 °C; unless otherwise specified. 


parameter conditions | symbol min. typ. max. : unit 
Operating supply | i 
voltage | Vpp 4.5 5.0 5.5 Vv 
Operating supply | | 
current READ | VDD max. | | 
| fgcL = 100 kHz | lpp | — - 0.4 | mA 
Operating supply | | | 
current i | } 
WRITE/ERASE | Vpp max. Ilppw oj - Sa «i[-20 | mA 
Standby supply | i 
current _ Vpp max. Ippo | — - |10 HA 
Input PTC | 
Input voltage HIGH | Vpp -0.3;- | — |v 
| | | 
Input voltage LOW - |— | Vgg + 0.3 | V 
Input SCL and | | | 
input/outputSDA } 
Input voltage LOW VIL 0.3 ls 15 Iv | 
| } 
Input voltage HIGH | VIH | 3.0 | — Vpp + 0.8) Vv 
Output voltage LOW loL=3mA | 
| Vpp =4.5V VoL _ - 1/04 |v 
Output leakage 
current HIGH | VoH = Vopb /ILo io ‘= 1 uA 
Input leakage } | | 
current (SCL) | Vi=Vpp or Vss lu ts |— 1 uA 
Clock frequency | | fsei | 0 | — 100 kHz 
Input capacitance | 
(SCL; SDA) } | Cy | — - 7 pF 
Time the bus must be 
free before new | | 
transmission can start | | tRBUF 4.7 - - us 
Start condition hold | | 
time after which first | 
clock pulse is 


generated 


THD;STA | 4 = = us | 
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eas : conditions jee min. 
The LOW period 
of the clock | tLow 4.7 
| 
The HIGH period | 
of the clock | tHIGH 14.0 
Set-up time for ] 
start condition repeated start only \tsu;sta | 4.7 ee - us 
Data hold time for 1?C- | | | 
bus compatible masters| /tHD:DAT | 5.0 ee = | us 
Data hold time for | | } 
1?C devices | note 1 /tHD:DAT |0 }- |- 
Date set up time 'tsu;paT | 250 ie ix 
Rise time for SDA | 
and SCL lines | tr |— ae ie 
} H | 
Fall time for SDA | | | 
and SCL lines | ty = | — ! 300 
< Set-up time for } | 
< stop condition | Tsu:sto | 4.7 Poke j= 
5 | Programming time | | | 
= control | | | 
5 Erase/write cycle time | | tE/W 5 - 40 
rr | Capacitor used for E/W | | | 
2 | cycle of 30 ms | max. tolerance +10%; | 
a using internal 
| oscillator (Fig. 3) Cesw {= } 3.3 | — 
Resistor used for E/W 
cycle of 30 ms | max. tolerance +5%; 
using internal } 
oscillator (Fig. 3) Re/sw |= 56.0 | — 
Programming | | 
frequency using | | 
external clock | | 
Frequency fp 110 
Period LOW /tlow _| 10.0 
Period HIGH tHIGH | 10.0 
Rise-time t? Eo 
Fall-time tf - 
Delay-time tg 0 
10 


Data retention time Tamb = 55 °C ts 


Note to the characteristics 


1. The hold time required to bridge the undefined region of the falling edge of SCL 
must be internally provided by a transmitter. It is not greater than 300 ns. 
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CHARACTERISTICS (continued) 


E/W programming time control 
A. Using external resistor Re sy and capacitor Ce/y (see Table 1) 


Table 1 Recommended R, C combinations 


34 


21 
13 
7.5 (note 4) 


Notes to Table 1 

1. Maximum tolerance is 10%. 

2. Maximum tolerance is 5%. 

3. Actual E/W lines are mainly influenced by the tolerances in values of R and C. 
4. Minimum allowed te sw is 5 ms (see CHARACTERISTICS). 


B. Using an external clock (see Table 2 and Fig.6) 


Table 2 E/W programming time control using an external clock 


frequency 
period LOW 


period HIGH 
rise time 


fall time 


delay time 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice 
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CLOCK CALENDAR WITH 256 X 8-BIT STATIC RAM 


GENERAL DESCRIPTION 


The PCF8583 is a low power 2048-bit static CMOS RAM organized as 256 words by 8-bits. Addresses 
and data are transferred serially via a two-line bidirectional bus (1?C). The built-in word address 

register is incremented automatically after each written or read data byte. One address pin AO is used for 
programming the hardware address, allowing the connection of two devices to the bus without 
additional hardware. The built-in 32.768 kHz oscillator circuit and the first 8 bytes of the RAM are 
used for the clock/calendar and counter functions. The next 8 bytes may be programmed as alarm 
registers or used as free RAM space. 


Features 


1°C-bus interface operating supply voltage: 2.5 V to6 V 
Clock operating supply voltage (0 to 70 °C): 1.0 V to6 V 
Data retention voltage: 1.0 V to6 V 

Operating current (fgc_ = 0 Hz): max. 50 pA 

Clock function with four year calendar 

24 or 12 hour format 

32.768 kHz or 50 Hz time base 

Serial input/output bus (1?C) 

Automatic word address incrementing 

Programmable alarm, timer and interrupt function 


PCF8583 


00 
DIVIDER Hundredths of a second 


1° 256 


[Seconds 
100:128 [Minutes] 


POWER ON amet 


OSCILLATOR 
32.768 kHz 


INTERFACE ADDRESS 


REGISTER 


Fig.1 Block diagram. 7281191.2 


PACKAGE OUTLINES 


PCF8583P: 8-lead DIL; plastic (SOT97). 
PCF8583T: 8-lead mini-pack; plastic (SO8L; SOT176A). 


February 1989 491 


PCF8583 


PINNING 
Osc 
Osco 
AO 
Vss 
SDA 
SCL 
INT 


Vopp 


oan oar wWn = 


RATINGS 


oscillator input, 50 Hz or event-pulse input 


oscillator output 
address input 
negative supply 
serial data line | 

. 1?C-bus 

serial clock line | 

open drain interrupt output (active low) 
Positive supply 


PCF8583P 


PCF8583T 


7Z81192 


Fig.2 Pinning diagram. 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Parameter 


symbol min. 
Supply voltage range (pin 8) Vppb —0.8 
Supply current (pin 4 or pin 8) Ipp: Iss - 
Input voltage range | Vy 


DC input current i Wy 


DC output current 

Power dissipation per package 

Power dissipation per output 
Operating ambient temperature range 


Storage temperature range 


HANDLING 


—0.8 to Vpp 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 


totally safe, it is good practice to take normal precautions appropriate to handling MOS devices 


(see ‘Handling MOS Devices’). 
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FUNCTIONAL DESCRIPTION 


The PCF8583 contains a 256 by 8-bit RAM with an 8-bit auto-increment address register, an on-chip 
32.768 kHz oscillator circuit, a frequency divider, a serial two-line bidirectional |*C-bus interface and a 
power-on reset circuit. 


The first 8 bytes of the RAM (memory addresses 00 to 07) are designed as addressable 8-bit parallel 
registers. The first register (memory address 00) is used as a control/status register. The memory ad- 
dresses 01 to 07 are used as counters for the clock function. The memory addresses 08 to OF are free 
RAM locations or may be programmed as alarm registers. 


Counter function modes 


When the control/status register is set a 32.768 kHz clock mode, a 50 Hz clock mode or an event- 
counter mode can be selected. 


In the clock modes the hundredths of a second, seconds, minutes, hours, date, month (four year 
calendar) and weekdays are stored in a BCD format. The timer register stores up to 99 days. The event- 
counter mode is used to count pulses applied to the oscillator input (OSCO left open). The event 
counter stores up to 6 digits of data. 


When one of the counters is read (memory locations 01 to 07), the contents of all counters are strobed 
into capture latches at the beginning of a read cycle. Therefore faulty reading of the count during a 
carry condition is prevented. 


When a counter is written, other counters are not affected. 


Alarm function modes 


By setting the alarm enable bit of the control/status register the alarm control register (address 08) is 
activated. 


By setting the alarm control register a dated alarm, a daily alarm, a weekday alarm or a timer alarm 
may be programmed. In the clock modes, the timer register (address 07) may be programmed to count 
hundredths of a second, seconds, minutes, hours or days. Days are counted when an alarm is not 
programmed. 


DEVELOPMENT DATA 


Whenever an alarm event occurs the alarm flag of the control/status register is set. A timer alarm event 
will set the alarm flag and an overflow condition of the timer will set the timer flag. The open drain 
interrupt Output is switched on (active LOW) when the alarm or timer flag is set (enabled). The flags 
remain set until directly reset by a write operation. 


When a timer function without any alarm function is programmed the remaining alarm registers 
(addresses O9 to OF) may be used as free RAM space. 
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Control/status register 


The control/status register is defined as the memory location 00 with free access for reading and 


writing via the I?C-bus. All functions and options are controlled by the contents of the control/status 
register (see Fig.3). 


SS nae Memory location 00 


reset state: 0000 0000 

Timer flag (50% duty factor 
seconds flag if alarm 
enable bit is 0) 

Alarm flag (50% duty factor 
minutes flag if alarm 
enable bit is 0) 


Alarm enable bit: 


0 alarm disabled/set: flags toggle 
(memory locations 08 to OF 
are free RAM space) 


1 enable alarm control register 
(memory location 08 is the 
alarm control register) 

Mask flag: 

0 read locations 05 to 06 
unmasked 

1 read date and month count 
directly 


Function mode: 


00 clock mode 32.768 kHz 
01 clock mode 50 Hz 

10 event-counter mode 

11 test modes 


Hold last count flag: 


OQ count 
1 store and hold last count in 
capture latches 


Stop counting flag: 


0 count pulses 
1 stop counting, reset divider 


Fig.3 Control/status register. 
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Counter registers 


In the different modes the counter registers are programmed and arranged as shown in Fig.4. Counter 
cycles are listed in Table 1. 

In the clock modes 24 h or 12 h format can be selected by setting the most significant bit of the 
hours counter register. The format of the hours counter is shown in Fig.5. 


The year and date are packed into memory location 05 (see Fig.6). The weekdays and months are 
packed into memory location 06 (see Fig.7). When reading these memory locations the year and 
weekdays are masked out when the mask flag of the control/status register is set. This allows the user 
to read the date and month count directly. 


In the event-counter mode events are stored in BCD format. D5 is the most significant and DO the 
least significant digit. The divider is by-passed. 


Control/Status Control/Status 


Hundrecths of a second 
1/10s 1/100s 


Seconds 
Minutes 
10m Im 
Hours 
Year/Date 


Weekday /Month 


Ti TO 


Alarm control 


Alarm control 


DEVELOPMENT DATA 


Hundredths of a second 
1/10s 1/100 s 


free RAM 


CLOCK MODES EVENT COUNTER 


7ZBI195 


Fig.4 Register arrangement. 
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Counter registers (continued) 


MSB LSB 
[7 |e fs [a [3 [2 [i [0 | memory tocation 04 (hours counter) 
reset state: 0000 0000 
seal xc besa Unit hours BCD 
Ten hours (0 to 2 binary) 


AM/PM flag: 


oO AM 
1 PM 


Format: 

QO 24h format, AM/PM flag 
remains unchanged 

1 12 h format, AM/PM flag 
will be updated 


Fig.5 Format of the hours counter. 


LSB 


care 5 Memory location 05 (year/date) 


reset state: 0000 0001 
By ees Ie Unit days BCD 


Ten days (0 to 3 binary) 


Year (0 to 3 binary, read as 0 if 
the mask flag is set) 


Fig.6 Format of the year/date counter. 


MSB LSB 
ERE SESE Eat. merry! Memory location 06 (weekdays/ 


months) 
| | | reset state: 0000 0001 


Unit months BCD 
Ten months 


Weekdays (0 to 6 binary, read as 0 
if the mask flag is set) 


Fig.7 Format of the weekdays/months counter. 
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Table 1 Cycle length of the time counters, clock modes 


unit counting carry to the contents of the 
cycle next unit month counter 


hundredths of 


a second 00 to 99 99 to 00 
seconds 00 to 59 59 to 00 
minutes 00 to 59 59 to 00 
hours (24 h) 00 to 23 23 to 00 
hours (12 h) 12 AM, 
01 AM to 
11 AM, 
12 PM, 
01 PM to 
11 PM 11 PM to 12 AM 
date 01 to 31 31 to 01 
01 to 30 30 to 01 
01 to 29 29 to 01 
¢ 01 to 28 28 to 01 
4 months 01 to 12 12 to 01 
5 | year O0to3 
S weekdays Oto6 6 tod 
5 timer 00 to 99 no carry 
a 
> 
wu 
fa} 
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Alarm control register 


When the alarm enable bit of the control/status register is set the alarm control register (address 08) is 
activated. All alarm, timer and interrupt output functions are controlled by the contents of the alarm 
control register (see Figs 8a and 8b). 


MSB LSB 


rmEs 5 Rees 2 1 eo | Memory location 08 


reset state: 0000 0000 


| iu) Timer function: 
| 000 no timer 
001 hundredths of a second 
010 seconds 
011 minutes 
100 hours 
101 days 
110 not used 
111 test mode, all counters 
in parallel 


Timer interrupt enable: 
0 timer flag, no interrupt 
1 timer flag, interrupt 
Clock alarm function: 
00 no clock alarm 


01 daily alarm 
10 weekday alarm 

11 dated alarm 
Timer alarm enable: 
0 no timer alarm 

1 timer alarm 


Alarm interrupt enable: 
(Valid only when “alarm enable’ in 
control/status register is set) 


0 alarm flag, no interrupt 
1 alarm flag, interrupt 


Fig.8a Alarm control register, clock modes. 
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MSB 


LSB 


7 dlistinw |e 6 dating Zpajen 0 | 


Tyee 


| 
Et 


DEVELOPMENT DATA 


Memory location 08 
reset state: 0000 0000 


Timer function: 
000 no timer 


101 not allowed 
110 not allowed 
111 test mode, all counters in 
parallel 
Timer interrupt enable: 
0 timer flag, no interrupt 
1 timer flag, interrupt 
Event alarm function: 


00 no event alarm 
01 event alarm 
10 not allowed 
11 not allowed 


Timer alarm enable: 


0 no timer alarm 
1 timer alarm 


Alarm interrupt enable: 


0 alarm flag, no interrupt 
1 alarm flag, interrupt 


Fig.8b Alarm control register, event-counter mode. 
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Alarm registers 


All alarm registers are allocated with a constant address offset of hex 08 to the corresponding counter 
registers. 


An alarm goes off when the contents of the alarm registers matches bit-by-bit the contents of the 
involved counter registers. The year and weekday bits are ignored in a dated alarm. A daily alarm 
ignores the month and date bits. When a weekday alarm is selected, the contents of the alarm 
weekday/month register will select the weekdays on which an alarm is activated (see Fig.9). 


Note: In the 12 h mode bits 6 and 7 of the alarm hours register must be the same as the hours counter. 


Enka Memory location OE 
(alarm weekday/month) 
Weekday O enabled when set 


Weekday 1 enabled when set 


Weekday 2 enabled when set 
Weekday 3 enabled when set 
Weekday 4 enabled when set 
Weekday 5 enabled when set 
Weekday 6 enabled when set 
not used 


Fig.9 Selection of alarm weekdays. 


Interrupt output 


The open-drain n-channel interrupt output is programmed by setting the alarm control register. It is 
switched on (active LOW) when the alarm flag or the timer flag is set. In the clock mode without 
alarm the output sequence is controlled by the timer flag. The OFF voltage of the interrupt output 
may exceed the supply voltage. 


Oscillator and divider 


A 32.768 kHz quartz crystal has to be connected to OSCI (pin 1) and OSCO (pin 2). A trimmer 
capacitor between OSCI and Vpp is used for tuning the oscillator (see quartz frequency adjustment). 
A 100 Hz clock signal is derived from the quartz oscillator for the clock counters, 

In the 50 Hz clock mode or event-counter mode the oscillator is disabled and the oscillator input is 
switched to a high impedance state. This allows the user to feed the 50 Hz reference frequency or an 
external high speed event signal into the input OSCI. 
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Initialization 


When power-up occurs the |?C-bus interface, the control/status register and all clock counters are reset. 
The device starts time keeping in the 32.768 kHz clock mode with the 24 h format on the first of 
January at 0.00.00: 00. 1 Hz is output at the interrupt (starts HIGH). This can be disabled by setting 
the alarm enable bit in the control/status register. 


A second level-sensitive reset signal to the |?C-bus interface is generated as soon as the supply voltage 
drops below the interface reset level. This reset signal does not affect the control/status or clock 
counter registers. 

It is recommended to set the stop counting flag of the control/status register before loading the actual 
time into the counters. Loading of illegal states will lead to a clock malfunction but will not latch-up 
the device. 


CHARACTERISTICS OF THE I2C-BUS 


The |?C-bus is for bidirectional, two-line communication between different ICs or modules. The two 
lines are a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a 
positive supply via a pull-up resistor. Data transfer may be initiated only when the bus is not busy. 


Bit transfer 
One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 


< during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted as 
<  acontrol signal. 
Q 
E i] 
: rae haha wk 
ro} fir pe 
— t { { 
i sct nal ee oe 8 \ 
> 
Ww 1 = 1 i 
fa) J data line | change | 
i stable: | ofdata | 
‘ data valid 1 allowed | 7287019 


Fig.10 Bit transfer. 


Start and stop conditions 


Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH, is defined as the stop condition (P). 


ae | t—--J 


a stop condition 
start condition RERIES 7287005 


Fig.11 Definition of start and stop condition. 
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System configuration 


A device generating a message is a ‘‘transmitter’’, a device receiving a message is the ‘receiver’. The 


device that controls the message is the ‘‘master”’ and the devices which are controlled by the master 
are the “‘slaves’’. 


SDA 
SCL 


MASTER SLAVE saaeveR MASTER 
TRANSMITTER/ TRANSMITTER/ TRANSMITTER / 
RECEIVER BECEIVES RECEIVER PR ANSMUITER RECEIVER 


7287004 


Fig.12 System configuration. 


Acknowledge 


The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each data byte of eight bits is followed by one acknowledge bit. The acknowl- 
edge bit is a HIGH level put on the bus by the transmitter whereas the master also generates an extra 
acknowledge related clock pulse. A slave receiver which is addressed must generate an acknowledge 
after the reception of each byte. Also a master must generate an acknowledge after the reception of 
each byte that has been clocked out of the slave transmitter. The device that acknowledge has to pull 
down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW during 
the HIGH period of the acknowledge related clock pulse. A master receiver must signal an end of data 
to the transmitter by not generating an acknowledge on the last byte that has been clocked out of the 


slave. In this event the transmitter must leave the data line HIGH to enable the master to generate a 
stop condition. 


start clock pulse for 
condition acknowledgement 


SCL FROM ! 
MASTER I 1 2 8 9 
DATA OUTPUT \ oe 
BY TRANSMITTER ' 
DATA OUTPUT =a 
BY RECEIVER 


7287007 


Fig.13 Acknowledgement on the |?C-bus. 
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Timing specifications 
All the timing values are valid within the operating supply voltage and ambient temperature range and 
refer to Vjy_ and Vj} with an input voltage swing of Vg to Vpp. 


parameter symbol 

SCL clock frequency fscL 

Tolerable spike width on bus tsw 

Bus free time tBUF 

Start condition set-up time tSU; STA 

Start condition hold time tHD: STA 

SCL LOW time tLow 

SCL HIGH time tHIGH 

SCL and SDA rise time tr 

SCL and SDA fall time tf 

Data set-up time tsu: DAT 

Data hold time tHD: DAT 
< SCL LOW to data out valid tvD: DAT 
= Stop condition set-up time tsu: STO 
- 
2 
w 
= 
a 
S START BIT7 BIT6 BIT O ACKNOW- | STOP 
wl PROTOCOL CONDITION MSB LsB LEDGE CONDITION 
a (A7) (A6) (R/W) | (A) (P) 
a 

'SU;STA Low ‘HIGH Visou 


SCL 
= 
SDA 
| a 


7281193.2 tHD:STA 'su.DAT "HD: DAT 'vo: DAT tsu;sTO 


Fig. 14 12C-bus timing diagram; rise and fall times refer to Vj__ and Viy. 
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1?C-bus protocol 


Before any data is transmitted on the |?C-bus, the device which should respond is addressed first. 
The addressing is always done with the first byte transmitted after the start procedure. The |*C-bus 
configuration for the different PCF8583 READ and WRITE cycles is shown in Fig. 15. 


acknowledge acknowledge acknowledge 
from slave from slave from slave 


' ' ' 


(S| Senora oa] wand woes [A oT 


R/W U—— n bytes 


auto increment 
72Z87031.2 memory word address 


Fig.15a Master transmits to slave receiver (WRITE mode). 


ecknowledge acknowledge acknowledge acknowledge 
from slave from slave from slave from master 


' 1 ' 


i 
ul 
[s | SLAVE ADDRESS 0 [| WORD ADDRESS |A| S SLAVE ADDRESS 1 JA] | = coata’ al me 
I 


rn 
Lo at this moment master |_ b 
R/W transmitter becomes RIW Dipyies 
master receiver and 


7296262 PCF 8583 slave receiver auto increment 
becomes slave transmitter word address 


No acknowledge 
from master 


| 
' 


4. 
u——— last byte a 


auto increment 
word address 


Fig.15b Master reads after setting word address (WRITE word address; READ data). 


acknowledge acknowledge no acknowledge 
from slave from master from master 


(| poke adores ee 


Rw “——n cn UL _ last byte aif 


7Z96263 auto increment auto increment 
word address word address 


Fig.15c Master reads slave immediately after first byte (READ mode). 
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Clock calendar with 256 x 8-bit static RAM PCF8583 


CHARACTERISTICS 
Vop = 2.5 to 6.0 V; Vsg = 0 V; Tamb = —40 to + 85 °C unless otherwise specified 


Laeeie conditions 
Supply 
Supply voltage } | 
operating | Vop 2.5 - 
clock 'Tamb = 0 to + 70°C} Vpp 1.0 - 
Supply current | | 
operating i fscL=100kHz | Ipp | -— - 200 HA 
clock | Vpp=5V lIppo | - | 10 50 pA 
clock Vpp=1V |'ppo | - 2 10 HA 
Power-on reset voltage | 
level | note 1 Vpor | 1.5 1.9 2.3 Vv 
| | 
| | | 
Inputs; | 
Input/output SDA } i | 
Input voltage LOW | note 2 VIL | -0.8 i 0.3Vpp 
a | zs Vop 
E | Input voltage HIGH | note 2 ViH 0.7Vpp +08 
fa) 
- | Output current LOW VoL =0.4V IOL 3 = = mA 
a | Leakage current Vi=VppoerVss | Ii |= - 1 uA 
= | | 
9 | A0;OSCI 
3 | Input leakage current Vi=VpporVss | ui | - {= 250 nA 
a | | 
| SCL;SDA | 
| Input capacitance V|=Vss | Cc; - | = 
| } 
| Output INT 
| Output current LOW VoL =0.4V IOL 3 - 
Leakage current Vi=VpporVss | ILI 
| 
LOW Vpp data 
| retention 
Supply voltage for 
data retention 
Supply current note 3 
VpoprR=1V 
Tamb = —25 to 
+ 70°C; 


Vopr=1V 
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Parameter 


conditions symbol : . max. unit 


Oscillator 


Integrated oscillator 


capacitance Cosc - 40 - pF 
Oscillator stability 

for AVpp = 100 MV _ | Tamb = 25 OC; 

Vpp =1.5V f/fOSC | — 2x 107 | — 

Input frequency note 4 | fj 
Quartz crystal | 
parameters 
Frequency = 32.768 kHz 
Series resistance Rs 
Parallel capacitance CL 


Trimmer capacitance 


CT 


Notes to the characteristics 
1, The power-on reset circuit resets the |?C-bus logic when Vpp < Vpor. 


2. When the voltages are a diode voltage above or below the supply voltage Vpp or Vsg an input 
current will flow; this current must not exceed + 0.5 mA. 


3. Event or 50 Hz mode only (no Quartz). 
4. Event mode only. 


APPLICATION INFORMATION 
Quartz frequency adjustment 


Method 1: Fixed OSCI capacitor 


By evaluating the average capacitance necessary for the application layout a fixed capacitor can be 
used. The frequency is best measured via the 1 Hz signal available after power-on at the interrupt 
output (pin 7). The frequency tolerance depends on the quartz crystal tolerance, the capacitor 
tolerance and the device-to-device tolerance (on average + 5 x 10°°). Average deviations of 

+ 5 minutes per year can be achieved. 


Method 2: OSCI Trimmer 
Using the alarm function (via the |?C-bus) a signal faster than 1 Hz can be generated at the interrupt 
output for fast setting of a trimmer. ‘ 


Procedure: 
Power-on 
Initialization (alarm function) 
Routine: 
Set clock to time T and set alarm to time T + dT. 
At time T + dT (interrupt) repeat routine. 


If time dT is approximately 10 ms a frequency of approximately 40 Hz is obtained. 
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Clock calendar with 256 x 8-bit static RAM PCF8583 


APPLICATION INFORMATION (continued) 
The PCF8583 slave address has a fixed combination 1010 as group 1. 


2 eee group 1 ~l<— group 2—»| 7296106 


Fig.16 PCF8583 address. 


SOP MASTER 


TRANSMITTER 


SCL 


Yop 
AO 
cLock cALenpar SCL 
oscil PCF8583 
=) 1910 
osco 


EVENT COUNTER 
fl. —-Iosci PCF8563 
“1010 


DEVELOPMENT DATA 
o 
fo] 


256 BYTE RAM 
Al PCF8570 
1010 


R R. puil-up resistor 


nS trise_ 


TEST Caus 


SDA SCL 
(12c-bus) 7Z81194.2 


Recommendation: 
Connect a 4.7 uF 10 V solid aluminium (SAL) capacitor between Vpp and Vss. 


Fig.17 PCF8583 application diagram. 
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PCF8583 


7222749 


Vop (Vv) 


Fig.18 Typical supply current as a function of supply voltage (clock); 
Tamb = —40 to + 85 OC. 


(c Purchase of Philips’ 17C components conveys a license under the 
Philips’ 1?C patent to use the components in the |?C-system 
BUS provided the system conforms to the I?C specifications defined 

by Philips. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice, 


PCF8591 


8-BIT A/D AND D/A CONVERTER 


GENERAL DESCRIPTION 


The PCF8591 is a single chip, single supply low power 8-bit CMOS data acquisition device with four 
analogue inputs, one analogue output and a serial 1?C bus interface. Three address pins AO, A1 and A2 
are used for programming the hardware address, allowing the use of up to eight devices connected to 
the |?C bus without additional hardware. Address, control and data to and from the device are 
transferred serially via the two-line bidirectional bus (17). 


The functions of the device include analogue input multiplexing, on-chip track and hold function, 
8-bit analogue-to-digital conversion and an 8-bit digital-to-analogue conversion. The maximum conversion 
rate is given by the maximum speed of the I?C bus. 


Features 


Single power supply 

Operating supply voltage 2,5 V to6 V 

Low standby current 

Serial input/output via |7C bus 

Address by 3 hardware address pins 

Sampling rate given by |? bus speed 

4 analogue inputs programmable as single-ended or differential inputs 
Auto-incremented channel selection 

Analogue voltage range from Vss to Vpp 
On-chip track and hold circuit 

8-bit successive approximation A/D conversion 
Multiplying DAC with one analogue output 


APPLICATIONS 


Closed loop control systems; low power converter for remote data acquisition; battery operated 
equipment; acquisition of analogue values in automotive, audio and TV applications. 


PACKAGE OUTLINES 


PCF8591P:16-lead DIL; plastic (SOT38). 
PCF8591T:16-lead mini-pack; plastic (SO16L; SOT 162A). 
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13S3Y 
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ov 
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8-bit A/D and D/A converter PCF8591 


PINNING 
1. AINO 
AINO 2. AIN1 | analogue inputs 
ANG 3. AIN2 (A/D converter) 
4. AIN3 
AIN2 5. AO | 
6. Al hardware address 
aed PCF8591 7. A2 | 
AO 8. Vss negative supply voltage 
rv 9. SDA 1*C bus data input/output 
10. SCL 1?C bus clock input/output 
A2 11..:0SG oscillator input/output 
‘4 12. (EXT external/internal switch for oscillator input 
Ss 13. AGND analogue ground 
7280959.1 14. VREF voltage reference input 
15. AOUT analogue output (D/A converter) 
Fig. 2 Pinning diagram. 16 Vpp positive supply voltage i 


FUNCTIONAL DESCRIPTION 


Adressing 


Each PCF8591 device in an |*C bus system is activated by sending a valid address to the device. The 
address consists of a fixed part and a programmable part. The programmable part must be set according 
to the address pins AO, A1 and A2. The address always has to be sent as the first byte after the start 
condition in the |?C bus protocol. The last bit of the address byte is the read/write-bit which sets the 
direction of the following data transfer (see Figs 3 and 10). 


DEVELOPMENT DATA 


MSB LsB 
‘PEE EEER 


fixed part programmable part 7286960 


Fig. 3 Address byte. 


Control byte 


The second byte sent to a PCF8591 device will be stored in its control register and is required to 
control the device function. 


The upper nibble of the control register is used for enabling the analogue output, and for programming 
the analogue inputs as single-ended or differential inputs. The lower nibble selects one of the analogue 
input channels defined by the upper nibble (see Fig. 4). [f the auto-increment flag is set the channel 
number is incremented automatically after each A/D conversion. 


The selection of a non-existing input channel results in the highest available channel number being 
allocated. Therefore, if the auto-increment flag is set, the next selected channel will be always channel 0. 
The most significant bits of both nibbles are reserved for future functions and have to be set to 0. 

After a power-on reset condition all bits of the control register are reset to 0. The D/A converter and 
the oscillator are disabled for power saving. The analogue output is switched to a high impedance state. 
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MSB LSB 


Pe [xDx [ToL x [x] *]  commocon 


a= A/D CHANNEL NUMBER: 
00 channel 0 
01 channel 1 
10 channel 2 
11 channel 3 
AUTOINCREMENT FLAG: 


(switched on if 1) 


ANALOGUE INPUT PROGRAMMING: 


00 Four single ended inputs 


AINO —————————— channel 0 
ANY ———— "channel 1 
AIN2 ——- channel 2 
AIN3 —————————— channel 3 


Q1 Three differential inputs 


AINO 
= channel 0 

AIN1 
Lt channel 1 

AIN2 
BBS channel 2 

AIN3 


10 Single ended and differential mixed 


ARO channels 
AIN1 channel 1 


AIN2 

channel 2 
AIN3 
W Two differential inputs 


AINO 
channel 0 
AIN1 


AIN2 
AIN3 


channel 1 


ANALOGUE OUTPUT ENABLE FLAG: 
(analogue output active if 1) 7280961 


Fig. 4 Control byte. 
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D/A conversion 


The third byte sent to a PCF8591 device is stored in the DAC data register and is converted to the 
corresponding analogue voltage using the on-chip D/A converter. This D/A converter consists of a 
resistor divider chain connected to the external reference voltage with 256 taps and selection switches. 
The tap-decoder switches one of these taps to the DAC output line (see Fig. 5). 

The analogue output voltage is buffered by an auto-zeroed unity gain amplifier. This buffer amplifier 
may be switched on or off by setting the analogue output enable flag of the control register. In the 
active state the output voltage is held until a further data byte is sent. 

The on-chip D/A converter is also used for successive approximation A/D conversion. In order to 
release the DAC for an A/D conversion cycle the unity gain amplifier is equipped with a track and 
hold circuit. This circuit holds the output voltage while executing the A/D conversion. 

The output voltage supplied to the analogue output AOUT is given by the formula shown in Fig. 6. 
The waveforms of a D/A conversion sequence are shown in Fig. 7. 


VReF DAC OUT 


DEVELOPMENT DATA 


TAP 
DECODER 


AGND 


7280962 


Fig. 5 DAC resistor divider chain. 
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MSB LSB 7280963 


DAC data 
register 


y 
Ap Vrer ~ VAGND & piste 
izo 


Vaout = VAGND + 256 


V. 
oS 00 01 02 03 04 FE FF HEX CODE 


Fig. 6 DAC data and d.c. conversion characteristics. 


PROTOCOL | s | ADDRESS fo fa | CONTROL BYTE B DATA BYTE 1 a DATA BYTE 2 A 


VAOUT 


VALUE OF 
DATA BYTE 1 


ee PREVIOUS VALUE 
HELD IN DAC 
REGISTER 


HIGH IMPEDANCE STATE OR 
PREVIOUS VALUE HELD IN DAC REGISTER 


7280964 time 


Fig. 7 D/A conversion sequence. 
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8-bit A/D and D/A converter PCF8591 


A/D conversion 


The A/D converter makes use of the successive approximation conversion technique. The on-chip D/A 
converter and a high gain comparator are used temporarily during an A/D conversion cycle. 


An A/D conversion cycle is always started after sending a valid read mode address to a PCF8591 device. 
The A/D conversion cycle is triggered at the trailing edge of the acknowledge clock pulse and is 
executed while transmitting the result of the previous conversion (see Fig. 8). 


Once a conversion cycle is triggered an input voltage sample of the selected channel is stored on the 
chip and is converted to the corresponding 8-bit binary code. Samples picked up from differential 
inputs are converted to an 8-bit two’s complement code (see Fig. 9). The conversion result is stored 
in the ADC data register and awaits transmission. If the auto-increment flag is set the next channel is 
selected. 


The first byte transmitted in a read cycle contains the conversion result code of the previous read cycle. 
After a power-on reset condition the first byte read is a hexadecimal 80. The protocol of an |?C bus 
read cycle is shown in Fig. 10. 


The maximum A/D conversion rate is given by the actual speed of the IC bus. 


PROTOCOL | s | ADDRESS f+ fa DATA BYTE 0 | a | DATA BYTE 1 | a | DATA BYTE 2 ga 


<x 
Ee 
< 
L 
5 1W2 alLisli1 sl 91 
Ww 
= = = == 
a 
fe) om EE) eae Se ee 
a 
Ww 
if 7Z80965 
Q SAMPLING SAMPLING SAMPLING 
BYTE 1 BYTE 2 BYTE 3 
CONVERSION CONVERSION CONVERSION 
OF BYTE 1 OF BYTE 2 OF BYTE 3 
-r-—<$$$<———S$ So FH 
TRANSMISSION TRANSMISSION TRANSMISSION 
OF PREVIOUSLY OF BYTE 1 OF BYTE 2 
CONVERTED BYTE 


Fig. 8 A/D conversion sequence. 
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Cove 7Z80966 
FF —— 
FE Ven = VREF — VAGND 
iS sarc 


04 

03 

02 

01 

00 

of M4 Somes ree) AL eee 254 255 Vain — VAGND 
VisB 


Fig. 9a A/D conversion characteristics of single-ended inputs. 


7Z80967 


=A2B'127> maaan: 


a (4a PAE 


Vain + ~ VAIN— 
VisB 


eee Vrer ~ VAGND 
tsB~ 256 


Fig. 9b A/D conversion characteristics of differential inputs. 
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Reference voltage 


For the D/A and A/D conversion either a stable external voltage reference or the supply voltage has to 
be applied to the resistor divider chain (pins VREF and AGND). The AGND pin has to be connected 
to the system analogue ground and may have a d.c. off-set with reference to Vss. 


A low frequency may be applied to the Vpgf and AGND pins. This allows the use of the D/A conver- 
ter as a one-quadrant multiplier; see Application Information and Fig. 6. 


The A/D converter may also be used as a one or two quadrant analogue divider. The analogue input 
voltage is divided by the reference voltage. The result is converted to a binary code. In this application 
the user has to keep the reference voltage stable during the conversion cycle. 


Oscillator 


An on-chip oscillator generates the clock signal required for the A/D conversion cycle and for refreshing 
the auto-zeroed buffer amplifier. When using this oscillator the EXT pin has to be connected to Vss. 
At the OSC pin the oscillator frequency is available. 


If the EXT pin is connected to Vpp the oscillator output OSC is switched to a high impedance state 
allowing the user to feed an external clock signal to OSC. 


Bus protocol 


After a start condition a valid hardware address has to be sent to a PCF8591 device. The read/write 

bit defines the direction of the following single or multiple byte data transfer. For the format and the 
timing of the start condition (S), the stop condition (P) and the acknowledge bit (A) refer to the 

17C bus characteristics. In the write mode a data transfer is terminated by sending either a stop condition 
or the start condition of the next data transfer. 


DEVELOPMENT DATA 
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Acknowledge Acknowledge Acknowledge 
trom PCF8591 from PCF8591 from PCF8591 


ca ADDRESS tt} | a | CONTROL BYTE DATA BYTE | a | rs | 


N=0toM 
DATA BYTES 


7280968 


Fig. 10a Bus protocol for write mode, D/A conversion. 


Acknowledge Acknowledge No acknowledge 
from PCF8591 from master 


Ts | scones 1 | | caer [ «| vsrommene [1 [| 


7Z80969 


N=0toM 
DATA BYTES 


Fig. 10b Bus protocol for read mode, A/D conversion. 
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CHARACTERICS OF THE I?C BUS 


The |?C bus is for bidirectional, two-line communication between different ICs or modules. The two 
lines are a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a 
positive supply via a pull-up resistor. Data transfer may be initiated only when the bus is not busy. 


Bit transfer 

One data bit is transfered during each clock pulse. The data on the SDA line must remain stable during 
the HIGH period of the clock pulse as changes in the data line at this time will be interpreted as a 
control signal. 


! 
1 data line 1} change 
1 stable: | of data 
1 data valid 1 allowed | 7Z87019 


< 7 Z 
Ps Fig. 11 Bit transfer. 
a} 
5 Start and stop conditions 
S Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
f data line, while the clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition of 
fh the data line while the clock is HIGH, is defined as the stop condition (P). 
Ww 
> 
w 
a} 
ee aay | Taba ara | 
iol ' sine ! = 
SDA : \ Lf Ae SDA 
I | ia 1 t 
SCL ! 1 1 ij SCL 
St alae 
a | | 
start condition stop condition 


7Z87005 


Fig. 12 Definition of start and stop condition. 
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System configuration 


A device generating a message is a “transmitter”, a device receiving a message is the “receiver”. The 


device that controls the message is the ’master’’ and the devices which are controlled by the master 
are the “’slaves’’. 


MASTER SLAVE MASTER MASTER 
TRANSMITTER/ TRANSMITTER/ TRANSMITTER/ 


RECEIVER RECEIVER RECEIVER TRANSMLBIER RECEIVER 


7287004 


Fig. 13 System configuration. 


Acknowledge. 


The number of data bytes transfered between the start and stop conditions from transmitter to 
receiver is not limited. Each data byte of eight bits is followed by one acknowledge bit. The acknow- 
ledge bit is a HIGH level put on the bus by the transmitter whereas the master also generates an extra 
acknowledge related clock pulse. A slave receiver which is addressed must generate an acknowledge 
after the reception of each byte. Also a master must generate an acknowledge after the reception of 
each byte that has been ciocked out of the slave transmitter. The device that acknowledges has to pull 
down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW during the 
HIGH period of the acknowledge related clock pulse. A master receiver must signal an end of data to 
the transmitter by not generating an acknowledge on the last byte that has been clocked out of the 
slave. In this event the transmitter must leave the data line HIGH to enable the master to generate a 
stop condition. 


start clock pulse for 
condition acknowledgement 
i 


SCLFROM — 1 3 
MASTER Ue <a, cae ae ee 
DATA OUTPUT \ .. 
BY TRANSMITTER ; 
DATA OUTPUT oe 
BY RECEIVER 


7287007 


Fig. 14 Acknowledgement on the |7C bus. 
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Timing specifications 


All the timing values are valid within the operating supply voltage and ambient temperature range and 
refer to Vj_ and Vj with an input voltage swing of Vss to Vpp. 


parameter symbol } ae io typ. max, | unit 
SCL clock frequency fSscL - - 100 kHz 
Tolerable spike width on bus tsw - _ 100 ns 
Bus free time tBUF 40 - - US 
Start condition set-up time tSU; STA 4,0 | - - us 
Start condition hold time tHD: STA 4,7 - - HS 
SCL LOW time tLow 47 - = us | 
SCL HIGH time tHIGH 4,0 - - us 
SCL and SDA rise time tr - = | 1,0 us 
SCL and SDA fall time te - - 0,3 us 
Data set-up time tSU; DAT 250 = - ns 
Data hold time THD; DAT 0 - oa ns 

< SCL LOW to data out valid tVD; DAT - - 3,4 us 

< Stop condition set-up time tsu; STO 4,0 ~) = us 

‘ e. 

2 

w 

= 

a 

° 

4 

4 START BIT 7 BIT 6 BIT 0 ACKNOW- | STOP 

i PROTOCOL CONDITION MSB LsB LEDGE CONDITION 

fa} (S) (A7) (A6) (A/W) (A) (P) 

'SU;STA ‘low 'HIGH Visco. 


SDA 


7281193.1 HD: STA tsu;DAT HD: DAT 'vD; DAT 'su.sTO 


Fig. 15 1?C bus timing diagram. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage range 
Voltage on any pin 
Input current d.c. 
Output current d.c. 
Vpp or Vss current 


Power dissipation per package 


Power dissipation per output 


Storage temperature range 


Operating ambient 
temperature range 


Note: 


Vop 

vi 

' 

Te) 

IDp. Iss 


Prot 
P 


Tstg 


Tamb 


—0,5 to +8,0 V 
—0,5 to Vpp +0,5 V 
10 mA 
20 mA 
50 mA 
300 mW 
100 mW 
—65 to +150 OC 


—40 to +85 °C 


Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be 
totally safe, it is advised to take handling precautions appropriate to handling MOS devices (see 


‘Handling MOS devices’). 


CHARACTERISTICS 


VppD = 2,5 V to 6 V; Vss = 0 V; Tamb = —40 OC to +85 OC unless otherwise specified 


parameter 


Supply 

Supply voltage 
Supply current 
Supply current 


Supply current 


Power-on reset level 


Digital inputs/output 


Input voltage 
Input voltage 
Input current 


Input capacitance 
SDA output current 


SDA output current 


conditions 


operating 


standby 
V1 = Vss or Vpop; 
no load 


operating; AOUT off; 
fsc_L = 100 kHz 


AOUT active; 
fsc_L = 100 kHz 


note 1 


SCL, SDA, AO, A1, A2 
LOW 
HIGH 


leakage; 
Vi = Vss to Vpp 


leakage; 
HIGH at Voy =VppD 


LOW at Vo, = 0,4 V 
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PCF8591 


parameter 


conditions 


Voltage range 
Voltage range 
Input current 


Input resistance 


Oscillator 


Input current 


Reference voltage inputs 


Oscillator frequency 


D/A CHARACTERISTICS 


VreF, AGND 
reference 
analogue ground 
leakage 

VReF to AGND 


OSC, EXT 
leakage 


Vpp = 5,0 V; Vss = 0 V; VREF = 5,0 V; VAGND = 9 V: Rioad = 10 kK2; Cigag = 100 pF; 
Tamb = —40 °C to +85 °C unless otherwise specified 


— 


parameter 


conditions 


Analogue output 
Output voltage range 
Output voltage range 
Output current 


Accuracy 
Offset error 
Linearity error 
Gain error 
Settling time 


Conversion rate 
Supply noise rejection 


no resistive load VOA 
Rioad = 10 kQ VOA 
leakage; 


AOUT disabled ILo 


Tamb = 25 °C 


no resistive load 


to % LSB full 
scale step 


at f = 100 Hz; 
Vop = 0,1 Vpp 
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A/D CHARACTERISTICS 


Vpp = 5,0 V; Vss = 0 V; Veer = 5,0 V; VAGND = OV; Rsource = 10 k2; Tamb = —40 OC to +85 OC 
unless otherwise specified 


Parameter conditions symbol 
Analogue inputs | 
Input voltage range VIA 
Input current leakage lia - _ 100 | nA 
Input capacitance Cia - 10 = pF 
Input capacitance differential Cip - 10 - pF 
Single-ended voltage measuring range Vis VAGND - VREF | V 
Differential voltage measuring range; 

Vrs = VREF Ves +VES 

— VAGND VID = Biller DO oa Vv 
Accuracy 
Offset error Tamb=25°C | OS, = = 20 | mv 
Linearity error Le - - +1,5 LSB 
Gain error Ge - - 1 % 
Gain error small-signal; 

AVN = 16 LSB GSe - - 5 |% 
Rejection ratio common-mode CMRR = 60 = dB 
Supply noise rejection at f = 100 Hz; 

VDDN = 0,1xVpp 
Conversion time 
Sampling/conversion rate 


Note 


1. The power on reset circuit resets the |?C bus logic when Vpp is less than VpgR. 


( Purchase of Philips’ 12C components conveys a license under the 
Philips’ 1?C patent to use the components in the |?C-system 


BUS provided the system conforms to the !?C specifications defined 
by Philips. 
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7294726 


100 


Vop (V) 
(a) internal oscillator; Tamb = + 27 OC. (b) external oscillator. 


Fig. 16 Operating supply current against supply voltage (analogue output disabled). 


RCE 


DEVELOPMENT DATA 


D/A output impedance (2) 
D/A output impedance (Q) 


V 
> Vollales aa IZA 


lea 
Sle Sie Stra Boa 


0 
00 02 04 06 08 0A BO co po EO FO FF 
hex input code hex input code 
(a) output impedance near negative power rail; (b) output impedance near positive power rail; 
Tamb = + 27 °C. Tamb = + 27 °C. 


Fig. 17 Output impedance of analogue output buffer (near power rails). 


The x-axis represents the hex input-code equivalent of the output voltage. 
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APPLICATION INFORMATION 


Inputs must be connected to Vss or Vpp when not in use. Analogue inputs may also be connected to 
AGND or Vref. 

In order to prevent excessive ground and supply noise and to minimize cross-talk of the digital to 
analogue signal paths the user has to design the printed-circuit board layout very carefully. Supply 
lines common to a PCF8591 device and noisy digital circuits and ground loops should be avoided. 
Decoupling capacitors (> 10 uF) are recommended for power supply and reference voltage inputs. 


Yoo Yop 
™é‘ 
vag “HH 


Vv 
“we ch Vout 1 | | 
| Yop T (*) 
5 PCF8591 
PS 
eS 


Vout 
QO © ©) 
Yo 4 V2 
Tp = VoD Z 
Yop 
ne ANALOGUE GROUND ‘MASTER een wil 
7% 
_| vicitat GROUND PRANSMIITER 
2 
7Z80970.1 1“C BUS 


Fig. 18 Application diagram. 
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PNA7S509 


specifications are subject to change without notice 


7-BIT ANALOGUE-TO-DIGITAL CONVERTER (ADC 7) 


GENERAL DESCRIPTION 


The PNA7509 is a monolithic NMOS 7-bit analogue-to-digital converter (ADC) designed for video 
applications. The device converts the analogue input signal into 7-bit binary coded digital words at a 
sampling rate of 22 MHz. 


The circuit comprises 129 comparators, a reference resistor chain, combining logic, transcoder stages, 
and TTL output buffers which are positive edge triggered and can be switched into 3-state mode. The 
digital output is selectable in two’s complement or binary coding. 


The use of separate outputs for overflow and underflow detection facilitates full-scale driving. 


Features Applications 


@ 7-bit resolution @ High-speed A/D conversion 
@ No external sample and hold required @ Video signal digitizing 

® High input impedance Radar pulse analysis 

@ Binary or two’s complement 3-state TTL outputs Transient signal analysis 

e 

° 

° 


Overflow and underflow 3-state TTL outputs High energy physics research 
All outputs positive-edge triggered 
Standard 24-pin package 

QUICK REFERENCE DATA 


Measured over full voltage and temperature range unless otherwise specified 


parameter conditions | symbol 
Supply voltage (pins 3, 12, 23) “| Vpp5 
| Supply voltage (pin 24) Vpp10 
Supply current (pins 3, 12, 23) note 1 Ipp5 
Supply current (pin 24) note 1 IpDp10 
| Reference current (pins 4, 20) lref 
Reference voltage LOW (pin 20) VrefL 
Reference voltage HIGH (pin 4) VrefH 
Non-linearity fj = 1,1 kHz 
integral INL 
differential DNL 
—3 dB Bandwidth B 
Clock frequency (pin 14) foLK 
joe power dissipation Ptot 


Note to quick reference data 
1. Measured under nominal conditions: Vpp5 = 5 V; VDD10 = 10 V; Tamb = 22 OC. 


PACKAGE OUTLINES 
24-lead DIL; plastic (SOT101A). 
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PNA7509 


reference 

voltage select 

HIGH clock input two's complement 223 
(Veet) (fork) (STC) CEI CE2 


4 is __| 


MODE 
PNA7509 SELECTION 


overflow 


bit 6 


bir 5 


bit 4 


OUTPUT bit3 digital voltage 


LATCHES outputs (Vo) 
bit2 
bit1 


bit 0 


underflow 


7293495.) 


reference analogue 100 Vpp10 analogue Vops5 digital 
voltage voltage to (+10) ground (+5V) ground 
LOW input Trsone 

(Veep i) (Vi) ae 


All three pins 3, 12 and 23 must be connected to positive supply voltage + 5 V. 


Fig. 1 Block diagram. 
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7-bit analogue-to-digital converter (ADC 7) PNA7509 


PINNING 
1 Vv} analogue voltage input 
Ypp10 2 AGND analogue ground 
Vops 3 Vops positive supply voltage (+ 5 V) 
ay 4 VrefH reference voltage HIGH 
miliees 5 STC select two’s complement 
J 6 OVFL overflow 
se 7 bit 6 most-significant bit (MSB) 
PNA7509 - = 8 bit 5 
18] Cet 9 bit 4 
UNFL 10 bit 3 
a] bit o 11 bit 2 
Faa]aet 12 Vppbs5 positive supply voltage (+ 5 V) 
13 DGND digital ground 
‘cuK 14 feLk clock input 
[13] oGNo 15 bit 
= aaa 16 -bitO least-significant bit (LSB) 
§ 17 UNFL underflow 
2 Fig. 2 Pinning diagram. 18 CEN chip enable input 1 
= 19 VeB back bias output 
° 20 VrefL reference voltage LOW 
5 21 CE2 chip enable input 2 
a] 22 n.c. not connected 


23 Vppb5 positive supply voltage (+ 5 V) 
24 Vpp10 __—positive supply voltage (+ 10 V) 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range (pins 3, 12, 23) Vpp5 -05to +7 V 
Supply voltage range (pin 24) Vpp10 —0,5to+12 V 
Input voltage range Vv) —0,5to +7 V 
Output current lo 5 mA 
Total power dissipation Prot 1W 
Storage temperature range Tstg —65 to+ 150 °C 
Operating ambient temperature range Tamb Oto +70 °C 
HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’’). 
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PNA7509 


CHARACTERISTICS 


Vpps5 = V3, 12, 23-13 = 4.5 to 5,5 V; Vpp10 = V24-2 = 9,5 to 10,5 V; Cgg = 100 nF; 
Tamb = 0 to + 70 °C 


parameter 


Supply 
Supply voltage (pins 3, 12, 23) 
Supply voltage (pin 24) 
Supply current (pins 3, 12, 23) 
Supply current (pin 24) 


Reference voltages 


Reference current 


Inputs 

Clock input (pin 14) 

Input voltage LOW 

Input voltage HIGH (note 1) 


Input voltage LOW 

Input voltage HIGH 

Input current 
at V5 =0V;V13= GND 
at Vig =5V;V13=GND 
at V2; =0 V; V13 = GND 

Input leakage current 
(except pins 5, 18 and 21) 


Analogue input levels (pin 1) 


Input voltage amplitude 
(peak-to-peak value) 


Input capacitance (note 3) 


Reference voltage LOW (pin 20) 
Reference voltage HIGH (pin 4) 


Digital input levels(pins 5,18,21; note 2)| 


at VrefL = 2,5 V; VrefH = 5,1 V 


symbol 
Vpps 
Ypp10 
'DDS 
'DD10 

| Vref 2,4 
VrefH 5,0 
lref 150 
ViL —0,3 
VIH 3,0 
VIL 10) 

Vin 2,0 
—I5 15 
1g 15 
—121 15 
Iu = 

| 


2,6 


Notes to characteristics 


1. Maximum input voltage must not exceed 5,0 V. 
2. If pin 5 is LOW binary coding is selected. 
If pin 5 is HIGH two’s complement is selected. 


If pin 5, 18 and 21 are open-circuit, pin 5, 21 are HIGH and pin 18 is LOW. 


For output coding see Table 1 and mode selection see Table 2. 


3. Tested on sample base. 
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2,6 
5,2 
450 


VpD5 


VppD5 


120 


30 


uA 


pF 


7-bit analogue-to-digital converter (ADC 7) PNA7509 


parameter 


Outputs 

Digital voltage outputs 

(pins 6 to 11 and 15 to 17) 

Output voltage LOW 
atlo=2mA 

Output voltage HIGH 
at—l9 =0,5 mA 


126 
127 5,05 
overflow > 5,07 


DEVELOPMENT DATA 


Note to Table 1 
1. Approximate values. 


Table 2 Mode selection 


HIGH impedance HIGH impedance 


active active 


HIGH impedance active 
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PNA7509 


CHARACTERISTICS (continued) 


VDD5 = V3, 12, 23-13 = 4,5 V to 5,5 V; Vpp10 = V24-2 = 9,5 V to 10,5 V; Vref = 2,5 V; 
VrefH = 5,1 V; feLK = 22 MHz; Cgp = 100 nF; Tampb = 0 to + 70 OC 


parameter 


Switching characteristics (see also Fig. 3) 
Clock input (pin 14) 
Clock frequency 
Clock cycle time LOW 
Clock cycle time HIGH tHIGH 20 - ns 
Input rise and fall times (pin 1) 
rise time tr = 3 ns 
fall time tf - 3 ns 
Analogue input (note 1) 
Bandwidth (—3 dB) B 11 ~ MHz 
Differential gain (note 2) dG - +5 % 
Differential phase (note 2) | dp = +25 deg 
Non-harmonic noise - —36 dB 
Peak error (non-harmonic noise) (note 3) - 3 LSB 
Harmonics (full scale) 
fundamental (note 3) 0 dB 
r.m.s. (2nd + 3rd harmonic) —28 dB 


r.m.s. (4th + 5th + 6th + 7th harmonic) 


dB 
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7-bit analogue-to-digital converter (ADC 7) PNA7509 


parameter symbol | min. | max. 
Digital outputs (notes 1 and 4) 


Output hold time tHOLD H 6 = ns 
Output delay time at CL = 15 pF td = 38 ns 
Output delay time at CL = 50 pF td - 48 ns 
3-state delay time tdt - 25 ns 
Capacitive output load CoL 0 15 pF 


Transfer function 


Non-linearity at fj = 1,1 kHz 
integral INL = +% LSB 


differential DNL - th LSB 
a= ees Sas a Le : 


Notes to timing characteristics 
1. Clock input rise and fall times are at the maximum clock frequency (10% and 90% levels). 


2. Low frequency sinewave (peak-to-peak value of the analogue input voltage at Vi(p-p) = 1,8 Vv) 
combined with a sinewave voltage (Vi(p-p) = 0,7 V) at fj = 5 MHz. 

3. Analogue frequency fi(A) = 5 MHz 
Amplitude Vj(q) = 2.42 V (peak-to-peak value). 

4. The timing values of the digital outputs at pins 6 to 11 and 15 to 17 are measured with the clock 
input reference level at 1,5 V. 


DEVELOPMENT DATA 
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CLOCK INPUT clock input 
(pin 14) reference level 
(1,5V) 
SAMPLE SAMPLE 
N N+2 
SAMPLE 
ANALOGUE INPUT N+4 
(pin 1) SAMPLE} 
N+3 
= 2,09, 
DIGITAL OUTPUTS 
(pins 6 to 11 and 15 to 17) 
———— 0.8 V 
7Z80491,1 


(1) There is a delay of 3 clock cycles between sampling of an analogue input signal and the corresponding 
digital output. 


Fig. 3 Timing diagram. 
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7-bit analogue-to-digital converter (ADC 7) PNA7509 


APPLICATION NOTE 


The minimum and maximum values provided in the data sheet are guaranteed over the whole voltage 
and temperature range. This note gives additional information to the data sheet where the typical 
values indicate the behaviour under nominal conditions; Vpps = 5 V, Vpp10 = 10 V, Tamb = 22 °C. 


[_arameter 


Supply 
Supply current (pins 3, 12, 23) 


Supply current (pin 24) 
Maximum clock frequency 
Bandwidth (—3 dB) 

Total power dissipation 

Peak error (non-harmonic noise) 


Suppression of harmonics 
sum of: 
f2nd + f3rd 
f4th + foth + féth + f7th 
Non-linearity 
integral 
differential 


Differential gain 
Differential phase 


Large signal phase error 


Non-harmonic noise 


DEVELOPMENT DATA 


L 


Typical values are measured on sample base. 


Application recommendation 


Spikes at the 10 V supply input must be avoided (e. g. overshoots during switching). 
Even a spike duration of less than 1 ps can destroy the device. 
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APPLICATION NOTE (continued) 
Test philosophy 


Fig. 4 is a block diagram showing analogue-to-digital testing with a phase locked signal source. The 

signal generator provides a 5 MHz sinewave for the device under test (except for the linearity test). 

The 22 MHz clock input is provided by the clock generator. The phase relationship between signal and 
clock generator is shifted by 100 pico sec. each signal period to provide an effective clock rate of 10 GHz 
for analysis. 

Most calculations are carried out in the spectral domain using Fast Fourier Transformation (FFT) and 
the inverse FFT to return to time domain. 

The successive processing completes the specific measurement (Fig. 5, 6, 7 and 8). 


The non-linearities of the converter, integral (INL) and differential (DNL), are measured using a low 
frequency ramp signal. Within a general uncertain range of conversion between two steps the output 
signal of the converter randomly switches. 

After low-pass filtering the different step width is used for calculating the line of least squares to obtain 
integral non-linearity. 

To calculate differential non-linearity a counter is used to count the frequency of each step. A histogram 
is calculated from the counter result to provide the basis for further computation (Fig. 7). 


CLOCK 
GENERATOR 


PULSE 
FORMER 


DEVICE 
UNDER 
TEST 


phase 


LOGIC 
jock 


ANALYZER 


analogue 
input 


SIGNAL 
GENERATOR 


7297665 


Fig. 4 Analogue-to-digital converter testing with locked signal source. 
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7-bit analogue-to-digital converter (ADC 7) PNA7509 


Stimulus ; HF sinewave 


FUNDAMENTAL 


RMS NOISE PEAK NOISE 


< 7Z97664 

4 Where: FFT = Fast Fourier Transformation. 

= IFFT = Inverse Fast Fourier Transformation. 

s Fig. 5 Sinewave test; non-harmonic noise and peak error. 
a 

° 

a : 

w stimulus ; 

> LF sinewave 
rtf) with HF added 
a 


sidebands 


| ue | 


Le 


HF and SIDEBANDS 
ROTATED and NORMALIZED 


to 
vector - 
scope 


QUADRATURE 
SIGNAL 


7297663 


IN-PHASE 
SIGNAL 


Fig. 6 Differential gain and phase. 
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APPLICATION NOTE (continued) 


stimulus; LF ramp 


LOW-PASS 


COUNTER FILTER 


HISTOGRAM 


LEAST SQUARE LINE 


ONL ERROR 
7297666 


Where: INL = Integral Non-Linearity. 
DNL = Differential Non-Linearity. 


Fig. 7 Low frequency ramp test; linearity. 


stimulus ; 
amplitude modulated 
HF sinewave 


HF and SIDEBANDS 
ROTATED and NORMALIZED 


to 
vector - 
scope 


QUADRATURE 
SIGNAL 


7Z96716 


IN-PHASE 
SIGNAL 


Fig. 8 Large signal phase error. 
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DEVELOPMENT DATA 
This data sheet contains advance information and PNA7518 


specifications are subject to change without notice 


8-BIT MULTIPLYING DAC 


GENERAL DESCRIPTION 


The PNA7518 is a NMOS 8-bit multiplying digital-to-analogue converter (DAC) designed for video 
applications. The device converts a digital input signal into a voltage-equivalent analogue output at a 
sampling rate of 30 MHz. 


The input signal is latched, then fed to a decoder which switches a transfer gate array (1 out of 256) to 
select the appropriate analogue signal! from a resistor chain. Two external reference voltages supply the 
resistor chain. The multiplying capability is obtained by using the independent reference voltages. 


The input latches are positive-edge triggered. The output impedance is approximately 0,5 k2 depending 
on the applied digital code. An additional operational amplifier is required for the 75 2 output impedance. 
Two’s complement is selected when STC (pin 11) is HIGH or is not connected. STC inverts the most 
significant bit (MSB). 


Features 


TTL input levels 

Positive-edge triggered 

Analogue voltage output at 30 MHz sampling rate 
Binary or two’s complement input 

Output voltage accuracy to within + % of the input LSB 
Multiplying capability 

12 MHz bandwidth 

8-bit resolution 


QUICK REFERENCE DATA 


parameter conditions 


Supply voltage range 
Supply current 


Reference voltage LOW 
Reference voltage HIGH 
Static non-linearity 
Bandwidth at —3 dB 
Clock frequency 


Total power consumption 


For explanation of notes see “‘Notes to the characteristics”. 


Applications 
®@ Video data conversion e@ Waveform/test signal generation 
®@ CRT displays @ Colour/black-and-white graphics 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT38D) 
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i 
ae digital voltage input (V)) 
complement (+5V) 
(STC) bit O bit 1 bit 2 bit bit 4 bit5 bit 6 bit 7 Yoo 
LSB MSB 
16 
clock input INPUT BUFFER/LATCH x 8 
(ouk) 
DECODER 
i 256 
a PNA7518 
VretH 9 _+>— TE = 
1 analogue 
reference \ 1 voltage 
voltage 1 Output 
inputs ‘ (Vao) 
ame 
Vrett 2-7 C 
mz) 
7 8 
7280546.1 100 to 150nF 
t GND 


Ves 


Fig. 1 Block diagram. 
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8-bit multiplying DAC PNA7518 


PINNING 
1 VaO analogue output voltage 
Yoo 2 VrefL reference voltage LOW 
3 bit 3 
pom . ine | digital voltage inputs (Vj) 
[14] bits 5 bit 1 
ene 6 bit O least-significant bit (LSB) 
stew 7 Ves back bias 
bit 7 8 GND ground 
9 VrefH reference voltage HIGH 
Lan) ae 10 fCLK clock input 
M0] fork 11 STC select two's complement 
a 12 bit 7 most-significant bit (MSB) 
v 2 
- 13 bit 6 digital voltage inputs (Vj) 
7280547.1 14 bit 5 
15 bit 4 
Fig. 2 Pinning diagram. 16 Vppb positive supply voltage 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Parameter 


Supply voltage range 
Input voltage BO to B7 and STC 
Output voltage 


Total power dissipation 


DEVELOPMENT DATA 


Storage temperature range 
Operating ambient temperature range 
Temperature range with back bias 


Clock frequency 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
“Handling MOS Devices’’). 
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CHARACTERISTICS 
Vop = 4.5 to 5,5 V; Cgg = 100 nF; Tamp = 0 to + 70 OC; unless otherwise specified 


Parameter 


Supply 
Supply voltage 
Supply current 


Input voltage HIGH 


Input leakage current 
(except STC) 


STC input current 


Reference voltages 
Reference voltage LOW 
Reference voltage HIGH 


Reference ladder between 
VrefL and Vref 


Linearity 
Static non-linearity 


Clock input 
Clock frequency 


Bandwidth 


Bandwidth at —3 dB 


Inputs BO to B7, CLK, and STC 
Input voltage LOW 


conditions 


note 1 


Tamb = 25 °C; 
Vpp =5V 


foLkK 


150 


30 


Notes to the characteristics 


1. Measured at Rag = 200 kQ; Vref, = OV; Vrety = 2 V and fo, = 28 MHz. 


unit | 


vA 
pA 


LSB 


MHz 


MHz 


2. Measured at Vpp = 5 V; Tamb = 25 °C; Vreft = 0 V; Vrety = 2 V; foLk = 30 MHz; duty cycle=0,5; 
rise and fall time = 3 ns and a 6 pF load at the analogue output. The analogue output signal is scanned 
by an external sample and hold circuit. 
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8-bit multiplying DAC PNA7518 


APPLICATION INFORMATION 


This section provides additional information to the characteristics. The values are measured on a 
sampling basis. 


Table 1 Application characteristics 


=— a ae =—T 
Parameter l symbol 
Supply current | Ipp 
Power consumption H P 
Minimum clock frequency foLK 
Maximum clock frequency | foLK 
Static non-linearity 
Reference ladder Rref 
Bandwidth B 
Set-up time tsu 
Input hold time tHD 
Propagation delay tpp 

Where: 


Vpp = 5 V: Tamb = 25 °C; Vret = 0 V: Vref = 2,0 V. 


CLOCK 


DEVELOPMENT DATA 


DATA 


_ 
ItHD 


| Av 
av/2 { 
ANALOGUE OUTPUT 
rs 7294958.1 


Fig. 3 Switching characteristics. 
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SAA1057 


RADIO TUNING PLL FREQUENCY SYNTHESIZER 


The SAA1057 is a single chip frequency synthesizer IC in |?L technology, which performs all the 
tuning functions of a PLL radio tuning system. The IC is applicable to all tvpes of radio receivers, 
e.g. car radios, hi-fi radios and portable radios. 


Features 


@ On-chip prescaler with up to 120 MHz input frequency. 

© On-chip AM and FM input amplifiers with high sensitivity (30 mV and 10 mV respectively). 

© Low current drain (typically 16 mA for AM and 20 mA for FM) over a wide supply voltage range 
(3,6 V to 12 V). 

On-chip amplifier for loop filter for both AM and FM (up to 30 V tuning voltage). 

On-chip programmable current amplifier (charge pump) to adjust the loop gain. 

Only one reference frequency for both AM and FM. 

High signal purity due to a sample and hold phase detector for the in-lock condition. 

High tuning speed due to a powerful digital memory phase detector during the out-lock condition. 
Tuning steps for AM are: 1 kHz or 1,25 kHz for a VCO frequency range of 512 kHz to 32 MHz. 
Tuning steps for FM are: 10 kHz or 12,5 kHz for a VCO frequency range of 70 MHz to 120 MHz. 
Serial 3-line bus interface to a microcomputer. 

Test/features. 


QUICK REFERENCE DATA 


Supply voltage ranges Vcec1 3,6 to12 V 
Vec2 3,6to12 V 
Vcec3 Vcc2 to 31 V 
Supply currents lec1*!ec2 typ. 18 mA 
lcc3 typ. 0,8 mA 
Input frequency ranges 
at pin FAM fFAM 512 kHz to 32 MHz 
at pin FFM fFEM 70 to 120 MHz 
Maximum crystal input frequency fXTAL > 4 MHz 
Operating ambient temperature range Tamb —25 to+80 °C 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT 102H). 
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SAA1057 


TR TCA TCB IN Yoc3 


SAMPLE 
15-BIT & 


PROGRAM- IN-LOCK 
MABLE BOER COUNTER 


PHASE 
Sah ig DETECTOR 


PROGRAMMABLE 
CURRENT 
AMPLIFIER 


DIGITAL REFERENCE REFERENCE 
PHASE MIDER OSCILLATOR 
DETECTOR : ‘ 


LATCH A 
IS BITS 


BUS/LOAD 
& 


CONTROL 
LOGIC 


728639752 
Fig. 1 Block diagram. 


GENERAL DESCRIPTION 


The SAA1057 performs the entire PLL synthesizer function (from frequency inputs to tuning voltage 

output) for all types of radios with the AM and FM frequency ranges. 

The circuit comprises the following: 

© Separate input amplifiers for the AM and FM VCO-signals. 

e@ A divider-by-10 for the FM channel. 

@ A multiplexer which selects the AM or FM input. 

e@ A 15-bit programmable divider for selecting the required frequency. 

e@ Asample and hold phase detector for the in-lock condition, to achieve the high spectral purity of 

the VCO signal. 

A digital memory frequency/phase detector, which operates at a 32 times higher frequency than 

the sample and hold phase detector, so fast tuning can be achieved. 

© An in-lock counter detects when the system is in-lock. The digital phase detector is switched-off 
automatically when an in-lock condition is detected. 

@ A reference frequency oscillator followed by a reference divider. The frequency is generated by a 
4 MHz quartz crystal. The reference frequency can be chosen either 32 kHz or 40 kHz for the 
digital phase detector (that means 1 kHz and 1,25 kHz for the sample and hold phase detector), 
which results in tuning steps of 1 KHz and 1,25 kHz for AM, and 10 kHz and 12,5 kHz for FM. 

© A programmable current amplifier (charge pump), which controls the output current of both the 
digital and the sample/hold phase detector in a range of 40 GB. It also allows the loop gain of the 
tuning system to be adjusted by the microcomputer. 

@ A tuning voltage amplifier, which can deliver a tuning voltage of up to 30 V. 

© BUS; this circuitry consists of a format control part, a 16-bit shift register and two 15-bit latches. 
Latch A contains the to be tuned frequency information in a binary code. This binary-coded num- 
ber, multiplied by the tuning spacing, is equal to the synthesized frequency. The programmable divider 
(without the fixed divide-by-10 prescaler for FM) can be programmed in a range between 512 and 
32 767 (see Fig. 3). Latch B contains the control information. 
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Radio tuning PLL frequency synthesizer SAA1057 


OPERATION DESCRIPTION 
Control information 


The following functions can be controlled with the data word bits in latch B. For data word format 
and bit position see Fig. 3. 

FM FM/AM selection; ‘1’ = FM, ‘0’ = AM 

REFH reference frequency selection; ‘1° = 1,25 kHz, ‘0’ = 1 kHz (sample and hold phase detector) 
CP3 


CP2 control bits for the programmable current amplifier 
CP1 (see section Characteristics) 

CPO 

SB2 enables last 8 bits (SLA to TO) of data word B; 


‘1’ = enables, ‘0’ = disables; when programmed ‘0’, the last 8 bits 
of data word B will be set to ‘0’ automatically 


SLA load mode of latch A; ‘1’ = synchronous, ‘0’ = asynchronous 
PDM1 | 
PDMO | phase detector mode 
PDM1 digital phase 
detector 
automatic 
on/off 
0) on 
1 off 
BRM bus receiver mode bit; in this mode the supply current of the BUS 
receiver will be switched-off automatically after a data transmission 
(current-draw is reduced); ‘1’ = current switched; ‘0’ = current always on 
Ts test bit; must be programmed always ‘0’ 
TZ test bit; selects the reference frequency (32 or 40 kHz) to the TEST pin 
T1 test bit; must be programmed always ‘0’ 
TO test bit; selects the output of the programmable counter to the TEST pin 


reference frequency 
output programmable counter 


output in-lock counter 
‘O' = out-lock 
‘1’ = in-lock 
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DLEN ZA Jj == 


Al 
TCLB lead = . S rl DLENhold -> I ~~) toist le 
— = 'CLBlagt ‘CLBlag2 j= 
CAMs APs SSNS PLE Fa rH ig Sa i tnd eg] i 
tore “i ='DATAhold 
—ftoarains 
— ee ee a LLL ee 
> j— test leading zero 72839741 
bit no. oO 1 2 15 16 


Fig. 2 BUS format. 


(1) During the zero set-up time (ts) CLB can be LOW or HIGH, but no transient of the signal is 
permitted. This can be of use when an I*C bus is used for other devices on the same data and clock 
lines, 


DATA WORD A 
ij Ned eae EE EEE 


bits stored in latch A 
512 « dividing number < 32767 


DATA WORD B 


leading 


bits stored in latch B 7283973 


Fig. 3 Bit organization of data words A and B. 
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Radio tuning PLL frequency synthesizer SAA1057 


Lasik resistor/capacitors 

2 TCA for sample and 

3eTCB hold circuit 

4 DCs decoupling of supply 

SSN input of output amplifier 

SAmOST 6 OUT output of output amplifier 

7 Vec3 positive supply voltage of 

output amplifier 
FFM FM signal input 

9 Vec1 Positive supply voltage of 
high frequency logic part 

10 DCA decoupling of input 

yaeaeyt amplifiers 
11 FAM AM signal input 
Fig. 4 Pinning diagram. 12 DATA 

13. DLEN BUS 

14 CLB 

15 Veg ground 

16 Vec2 Positive supply voltage of 


low frequency logic part and 
analogue part 


17. XTAL reference oscillator input 

18 TEST test output 
RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage; logic and analogue part Vec1: Vec2 —0,3 to 13,2 V 
Supply voltage; output amplifier Vcc3 Vcec2 to + 32 V 
Total power dissipation Prot max. 800 mW 
Operating ambient temperature range Tamb —30 to +85 °C 
Storage temperature range Tstg —65 to+ 150 °C 
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CHARACTERISTICS 


VEE =9V; Vec1 = Vec2 =5 V: Vecg = 30 V; Tamb = 25 OC; unless otherwise specified 


12 Vv 


Supply voltages 


Supply currents* 


AM mode itot : loc + Icc2 
in-lock: M=‘1'; 
FM mode PDM = 0 
lout =o 
Operating ambient 
temperature 


RF inputs (FAM, FFM) 
AM input frequency 

FM input frequency 
Input voltage at FAM 
Input voltage at FFM 
Input resistance at FAM 
Input resistance at FFM 
Input capacitance at FAM 
Input capacitance at FFM 


Voltage ratio allowed 
between selected and 
non-selected input 


Crystal oscillator (XTAL) see note 1 
Maximum input frequency 
Crystal series resistance 


BUS inputs (DLEN, CLB, 
DATA) 


Input voltage LOW 
Input voltage HIGH 
Input current LOW 


Input current HIGH 


* When the bus is in the active mode (see BRM in Control Information), 4,5 mA should be added to the 
figures given. 
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Radio tuning PLL frequency synthesizer SAA1057 


CHARACTERISTICS (continued) 
Vee =9V; Vcc1 = Vec2 = 5 V: Vecg = 30 V; Tamb = 25 °C; unless otherwise specified 


conditions 


BUS inputs timing 
(DLEN, CLB, DATA) 


see also Fig. 2 and 
note 2 


Lead time for CLB to DLEN tCLBlead 1 ~ — us 
Lead time for DATA to 

the first CLB pulse tTlead 0,5 = — us 
Set-up time for DLEN 

to CLB tCLBlag1 5 - — US: 
CLB pulse width HIGH tCLBH 5 = — us 
CLB pulse width LOW tCLBL 5 = =) pS 
Set-up time for DATA 

to CLB tDATAlead 2 = — HS 
Hold time for DATA to CLB tDATAhold | 9 - — us 
Hold time for DLEN to CLB tDLENhold | 2 = — ps 
Set-up time for DLEN to 

CLB load pulse tCLBlag2 | 2 - — us 


Busy time from load pulse | next transmission 


or fter word ‘B’ 
to next start of t t 5 - - 2 : 
one ransmission | tp|ST us oy ercetien 
Busy time or 
asynchronous mode tpIST 0,3 = — ms next transmission 
synchronous mode tpIST 1,3 — — ms to SAA1057 


after word ‘A’ 
(see also note 5) 


Sample and hold circuit 
(TR, TCA, TCB) see also notes 3; 4 


Minimum output voltage VTCA: = 1,3 - V 


< 
od 
QO 
> 
\ 
| 
< 
QO 
io} 
nN 
6 
N 
< 


Maximum output voltage 


VTCB 
Capacitance at TCA CTCA = = 2,2 nF | REFH=‘1' 
(external) CTcaA REFH = ‘0’ 
Discharge time at TCA tdis REFH ='1' 
tdis REFH = ‘0’ 


Resistance at TR external 


Voltage at TR during 
discharge 


Capacitance at TCB 
Bias current into TCA, TCB 
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CHARACTERISTICS (continued) 
VEE =9V;Vec1 = Vec2 = 5 V; Vec3 = 30 V; Tamb = 25 °C; unless otherwise specified 


Programmable current 
amplifier (PCA) 


Output current of the 
dig. phase detector 


Current gain of PCA 


Vec2 = 5 V (only for P1) 


Ratio between the output 
current of S/H into PCA 
and the voltage on 
Ctcsp StcB - 1,0 — BAIV 

Offset voltage on TCB AVTcB - - ov. in-lock 


Output amplifier (IN,OUT) 


in-lock ; equal to 
Input voltage VIN i 1,3 - Vv { es 


internal reference voltage 


Output voltages 


minimum VouT | - = 05 V —louT =1mA 
maximum VouT Vec3-2 ae = Vf lout =1mA 
maximum Vout |Vcc3-1 — - Vv lout =9,1 mA 


Maximum output current 


Vout = % Vcc3 


Test output (TEST)* 
Output voltage LOW 
Output voltage HIGH 
Output current OFF 
Output current ON 


Ripple rejection** 
at fripple = 100 Hz 
4Vcc1/AVouT 

AVcc2/AVouT 

AVcc3/AVoUT 


Vout <Vcc3-3 V 


* Open collector output. 
** Measured in Fig. 6. 
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Radio tuning PLL frequency synthesizer SAA1057 


NOTES 


1. Pin 17 (XTAL) can also be used as input for an external clock. 
The circuit for that is given in Fig. 5. The values given in Fig. 5 are a typical application example. 


*5V- WOnF 22k2 = 47 
ov 
4 MHz 


XTAL 
1 


5 

CXTAL=E pF 
' 

tn 1283979 


Fig. 5 Circuit configuration showing external 4 MHz clock. 


Bd 


See BUS information in section ‘operation description’. 


. The output voltage at TCB and TCA is typically % Vcc2+0,3 V when the tuning system is in-lock 
via the sample and hold phase detector. The control voltage at TCB is defined as the difference 
between the actual voltage at TCB and the value calculated from the formula % Vcc2t0,3 V. 


w 


> 


. Crystal oscillator frequency fytat = 4 MHz. 


a 


The busy-time after word ‘‘A”’ to another device which has more clock pulses than the SAA 1057 
(> 17) must be the same as the busy-time for a next transmission to the SAA1057. 

When the other device has a separate DLEN or has less clock pulses than the SAA1057 it is not 
necessary to keep to this busy-time, 5 us will be sufficient. 


APPLICATION INFORMATION 
Initialize procedure 


Either a train of at least 10 clock pulses should be applied to the clock input (CLB) or word B should 
be transmitted, to achieve proper initialization of the device. 

For the complete initialization (defining all control bits) a transmission of word B should follow. This 
means that the IC is ready to accept word A. 


Synchronous/asynchronous operation 


Synchronous loading of the frequency word into the programmable counter can be achieved when bit 
‘SLA’ of word B is set to ‘1’. This mode should be used for small frequency steps where low tuning noise 
is important (e.g. search and manual tuning). This mode should not be used for frequency changes of 
more than 31 tuning steps. In this case asynchronous loading is necessary. This is achieved by setting 

bit ‘SLA’ to ‘0’. The in-lock condition will then be reached more quickly, because the frequency infor- 
mation is loaded immediately into the divider. 


Restrictions to the use of the programmable current amplifier 
The lowest current gain (0,023) must not be used in the in-lock condition when the supply voltage 
Vecz2 is below 5 V (CP3, CP2, CP1 and CPO are all set to ‘0’). This is to avoid possible instability of the 


loop due to a too small range of the sample and hold phase detector in this condition (see also section 
‘Characteristics’). 


Transient times of the bus signals 


When the SAA1057 is operating in a system with continuous activity on the bus lines, the transient 
times at the bus inputs should not be less than 100 ns. Otherwise the signal-to-noise ratio of the tuning 
voltage is reduced. 
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| 
| TUNER 
47 uF | 
tuning 
3 1 1 voltage 
1 
10 nF + 100nF'"! 
' 
1802 ; 
y SAA1057 we 
FM oscillator Wal 
(Z,= 752) 
AM oscillator 22nF YW 
(2, =2k2) 
DLEN CLB DATA 27 pF 
ooo 7283972. 


BUS 


(1) Values depend on the tuner diode characteristics. 


Fig. 6 Application example of the SAA1057PLL frequency synthesizer module. 
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4-DIGIT LED-DRIVER WITH I°C BUS INTERFACE 


GENERAL DESCRIPTION 


The LED-driver is a bipolar integrated circuit made in an !?L compatible 18 volts process. The circuit 
is especially designed to drive four 7-segment LED displays with decimal point by means of multiplexing 


between two pairs of digits. It features an |?C bus slave transceiver interface with the possibility to 
program four different SLAVE ADDRESSES, a POWER RESET flag, 16 current sink OUTPUTS, 
controllable by software up to 21 mA, two multiplex drive outputs for common anode segments, an 
on-chip multiplex oscillator, control bits to select static, dynamic and blank mode, and one bit for 
segment test. 


QUICK REFERENCE DATA 


[oy T ad ] 
| Parameter | conditions | 
T 
| 


| Supply voltage 
Supply current all outputs OFF | Vcc =5V 


24-lead DIL (SOT-101B) 


Operating ambient | 
temperature range 


Total power dissipation | 


SAA1064 


PACKAGE OUTLINE 
SAA1064P: 24-lead DIL; plastic (with internal heat spreader) (SOT 101B). 
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4-digit LED-driver with I?C bus interface SAA1064 


PINNING 


SAA 1064 


7281283 
Fig. 2 Pinning diagram. 
FUNCTIONAL DESCRIPTION 


Is][o 1110 a1 ao 1alpR 000000 o|1\/P| 


slave address status byte 


Fig. 3a 1?C bus format; READ mode. 


| s]o1 11 O.AI ao oalo 0000 sc se sala|x c6 cs c4 C3 C2 C1 cola | 


slave address instruction byte control byte 


data digit 1 data digit 2 data digit 3 data digit 4 


Fig. 3b 17C bus format; WRITE mode. 


S =start condition A1, AO = programmable address bits 
P = stop condition SC SB SA =subaddress bits 

A = acknowledge C6toCO =control bits 

X = don’t care PR = POWER RESET flag 


Address pin ADR 


Four different slave addresses can be chosen by connecting ADR either to VEE, 3/8 Vcc, 5/8 Vcc 
or Vcc. This results in the corresponding valid addresses HEX 70, 72, 74 and 76 for writing and 71, 
73, 75 and 77 for reading. All other addresses cannot be acknowledged by the circuit. 
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Status byte 


Only one bit is present in the status byte, the POWER RESET flag. A logic 1 indicates the occurence of a 


power failure since the last time it was read out. After completion of the READ action this flag will be 
set to logic 0. 


Subaddressing 


The bits SC, SB and SA form a pointer and determine to which register the data byte following the 
instruction byte will be written. All other bytes will then be stored in the registers with consecutive 
subaddresses. This feature is called Auto-Increment (Al) of the subaddress and enables a quick 
initialization by the master. 

The subaddress pointer will wrap around from 7 to 0. 

The subaddresses are given as follows: 


sub- , 
SB address function 
0 ie} 0 00 control register 
0 0 1 | O1 digit 1 
i) 1 o | 02 | digit 2 
0) 1 tel = 3 digit 3 
1 0 0 04 digit 4 
1 Oo [Fa 05 : 
reserved, 
, , 0 06 | not used 
1 | 1 1 07 
Control bits (see Fig. 4) 
The contro! bits CO to C6 have the following meaning: 
cO=0 static mode, i.e. continuous display of digits 1 and 2 
CoO=1 dynamic mode, i.e. alternating display of digit 1+ 3 and2+4 
C1=0/1 digits 1 + 3 are blanked/not blanked 
C2=0/1 digits 2 + 4 are blanked/not blanked 
C3=1 all segment outputs are switched-on for segment test* 
C4=1 adds 3 mA to segment output current 
c5=1 adds 6 mA to segment output current 
C6=1 adds 12 mA to segment output current 
Data 


A segment is switched ON if the corresponding data bit is logic 1. Data bits D17 to D10 correspond with 
digit 1, D27 to D20 with digit 2, D37 to D30 with digit 3 and D47 to D40 with digit 4. 

The MSBs correspond with outputs P8 and P16, the LSBs with P1 and P9. Digit numbers 1 to 4 are 
equal to their subaddresses (hex) 1 to 4. 


* Atacurrent determined by C4, C5 and C6. 
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4-digit LED-driver with |*C bus interface SAA1064 


SDA, SCL 


The SDA and SCL I/O meet the |*C bus specification. For protection against positive voltage pulses 
on these inputs voltage regulator diodes are connected to VEE. This means that normal line voltage 
should not exceed 5,5 volt. Data will be latched on the positive-going edge of the acknowledge related 
clock pulse. 


Power-on reset 

The power-on reset signal is generated internally and sets all bits to zero, resulting in a completely 
blanked display. Only the POWER RESET flag is set. 

External Control (CexT) 

With a capacitor connected to pin 2 the multiplex frequency can be set (see Fig. 5). When static this pin 
can be connected to Veg or Vcc or left floating since the oscillator will be switched off. 

Segment outputs 

The segment outputs P1 to P16 are controllable current-sink sources. They are switched on by the 
corresponding data bits and their current is adjusted by control bits C4, C5 and C6. 

Multiplex outputs 


The multiplex outputs MX1 and MX2 are switched alternately in dynamic mode with a frequency 
derived from the clock-oscillator. In static mode MX1 is switched on. The outputs consist of an 
emitter-follower, which can be used to drive the common anodes of two displays directly provided 
that the total power dissipation of the circuit is not exceeded. If this occurs external transistors should 
be connected to pins 11 and 14 as shown in Fig. 5. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter conditions | symbot min. max. unit 
T T 
Supply voitage (pin 13) | Vec | 05 | 18 | v | 
Supply current (pin 13) | loc | —50 200 mA 
| Total power dissipation | | 
| SOT-101 | 
| 24-lead DIL | Prot | 1000 mW 
SDA, SCL voltages | V23, 24-12 —0,5 | 5,9 Vv 
| Voltages AO-MX1 and MX2-P16 | |V1-11,V14-22 | -05 | Vec+O,5 | V 
Input/output current all pins outputs OFF | +1 — 10 mA 
| Operating ambient | 
| temperature range Tamb ; —20 | +70 oc 
Storage temperature range | | Tstg | 785 +125 oc 
THERMAL RESISTANCE 
From crystal to ambient 
24-lead DIL Rth cr-a 35 K/W 
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4-digit LED-driver with 1? C bus interface SAA1064 


CHARACTERISTICS 
Vcc = 5 V: Tamb = 25 °C; voltages are referenced to ground (VEE = 0 V); unless otherwise specified 


Parameter 


Supply 
Supply voltage (pin 13) 


Supply current all outputs OFF 


Vcc =5V 


Power dissipation all outputs OF F 


SDA; SCL bus (pins 23 and 24) 


Input voltages 


Logic input voltage LOW 


Logic input voltage HIGH 
Input current LOW V23,24 = VEE 
Input current HIGH V23,24= Vcc 
SDA 

Logic output voltage LOW lo=3mA 


Output sink current 


Address input (nin 1) 


Input voltage 
programmable address bits: 


A0=0;A1=0 3/16Vcc 
AO=1;A1=0 7/16Vcc 
AO=0;A1=1 11/16Vcc 
AO=1;A1=1 Vcc 


Input current LOW —10 


Input current HIGH 


External control (CE xT) pin 2 
Switching level input 

Input voltage LOW 

Input voltage HIGH 


nput current 
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CHARACTERISTICS (continued) 
fence ow mre [on [reo 


Segment outputs 


(P8 to P1; pins 3 to 10) 
(PS to P16; pins 15 to 22) 


Output voltages 


Ig=15mA 


Output current HIGH Vo=Vcc= 15 V 
Output current LOW 
control bits HIGH 
C4, C5 and C6 Vo=5V mA 
Contribution of: 
control bit C4 mA 
control bit C5 mA 
control bit C6 mA 
Relative segment 1 output accuracy 
with respect to highest value when: 
13 to 149 and 145 to lg9=3mA % 
Iz to 149 and 145 tolg9=21mMA % 
Multiplex 1 and 2 (pins 11 and 14) 
Output voltage 
(when ON) Vv 
Output current HIGH 
(when ON) mA 


Output current LOW 
(when OFF) 


Output period 


Output duty factor 


* Value to be fixed. 
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4-digit LED-driver with I1?C bus interface 


SAA1064 


MX1 l l J l 
MxX2 J l 


DETAIL '~#——_—_——— clock frequency /64 | 


| 
CtoGe™ TEL EL Lee ELE 
Mie eee lS ee el ee 
Mie SS oe | ee ee 


ee ne ee SE ee Se, Se ee ee ae 


SCL SDA P16 


P15 


SAA1064 


Fig. 5 Dynamic mode application diagram. 


MX2 Yoo 


7281285 
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SAA1064 


SCL SDA 


SCL SDA P16 P15 P14 


7Z81286.1 


Fig. 6 Static mode application diagram. 


Purchase of Philips’ 1?C components conveys a license under the 
Philips’ 17C patent to use the components in the !?C-system 

Bus provided the system conforms to the |?C specifications defined 
by Philips. 
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DEVELOPMENT DATA 


This data sheet contains advance information and SAA1099 


specifications are subject to change without notice, 


MICROPROCESSOR CONTROLLED STEREO SOUND GENERATOR 
FOR SOUND EFFECTS AND MUSIC SYNTHESIS 


GENERAL DESCRIPTION 


The SAA10939 is a monolithic integrated circuit designed for generation of stereo sound effects and 
music synthesis. 


Features 


@ Six frequency generators 
eight octaves per generator 
256 tones per octave 
@ Two noise generators 
@ Six noise/frequency mixers 
® Twelve amplitude controllers 
@ Two envelope controllers 
© Two 6-channel mixers/current sink analogue output stages 
@ TTL input compatible 
© Readily interfaces to 8-bit microcontroller 
®@ Minimal peripheral components 
@ Simple output filtering 


Applications 


Consumer games systems 
Home computers 
Electronic organs 
Arcade games 

Toys 

Chimes/alarm clocks 


QUICK REFERENCE DATA 


Supply voltage (pin 18) Vpp_ityp. 5 Vv 


Supply current (pin 18) IpD typ. 70 mA 
Reference current (pin 6) lref typ. 250 wA 
Total power dissipation Prot 500 mW 
Operating ambient temperature range Tamb Oto+70 °C 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT 102). 
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SAA1099 


Microprocessor controlled stereo sound generator 
for sound effects and music synthesis 


PINNING 


SAA1099 


7290786 


Fig. 2 Pinning diagram. 


PIN DESIGNATION 


< ome oe 
E 1 WR Write Enable: active LOW input which operates in conjunction with CS and 
fal AO to allow writing to the internal registers. 
5 2 cs Chip Select: active LOW input to identify valid WR inputs to the chip. This 
s input also operates in conjunction with WR and AO to allow writing to the 
oe internal registers, 
ot 3 AO Control/Address select: input used in conjunction with WR and CS to load 
2 data to the control register (AO = 0) or the address buffer (AO = 1). 
Qo 4 OUTR Right channel output: a 7-level current sink analogue output for the ‘right’ 
component. This pin requires an external load resistor. 
5 OUTL Left channel output: a 7-level current sink analogue output for the ‘ieft’ 
component. This pin requires an external load resistor. 
6 lref Reference current supply: used to bias the current sink outputs. 
7 DTACK Data Transfer Acknowledge: open drain output, active LOW to acknowledge 
successful data transfer. On completion of the cycle DTACK is set to inactive. 
8 CLK Clock: input for an externally generated clock at a nominal frequency of 
8 MHz. 
9 Vss Ground: 0 V. 
10-17 DO-D7 Data: Data bus input. 
18 Vpp Power supply: + 5 V typical. 
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FUNCTIONAL DESCRIPTION 


The following sections provide a detailed functional description of the SAA1099 as shown in the block 
diagram, Fig. 1. 


Frequency generators 


Six frequency generators can each select one of 8 octaves and one of 256 tones within an octave. 
A total frequency range of 31 Hz to 7,81 kHz is available. The outputs may also control noise or 
envelope generators. All frequency generators have an enable bit which switches them on and off, 
making it possible to preselect a tone and to make it inaudible when required. The frequency 
generators may be synchronized using the frequency reset bit. 

The frequency ranges per octave are: 

Octave Frequency range 


31 Hz to 61 Hz 

61 Hz to 122 Hz 

122 Hz to 244 Hz 
245 Hz to 488 Hz 
489 Hz to 977 Hz 
978 Hz to 1,95 kHz 
1,96 kHz to 3,91 kHz 
3,91 kHz to 7,81 kHz 


NOORWN-O 


Noise generators 


The two noise generators both have a programmable outout. This may be a software controlled noise 
via one of the frequency controlled generators or one of three pre-defined noises. There is no tone 
produced by the frequency generator when it is controlling the noise generator. The noise produced is 
based on double the frequency generator output, i.e. a range of 61 Hz to 15,6 kHz. 

In the event of a pre-defined noise being chosen, the output of noise generator 0 can be mixed with 
frequency generator 0, 1 and 2; and the output of noise generator 1 can be mixed with frequency 
generator 3, 4 and 5. In order to produce an equal level of noise and tone outputs (when both are 
mixed) the amplitude of the tone is increased. The three pre-defined noises are based on a clock 
frequency of 7,8 kHz, 15,6 kHz or 31,25 kHz. 


Noise/frequency mixers 
Six noise/frequency mixers each with four selections 


© Channel off 

e@ Frequency only 

© Noise only 

@ Noise and frequency 


Each mixer channel has one of the frequency generator outputs fed to it, three channels use noise 
generator O and the other three use noise generator 1. 


Amplitude controllers 


Each of the six channel outputs from the mixer is split up into a right and left component giving 
effectively twelve amplitude controllers. An amplitude of 16 possible levels is assigned to each of the 
twelve signals. With this configuration a stereo effect can be achieved by varying only the amplitude 
component. The moving of a sound from one channel to the other requires, per tone, only one update 
of the amplitude register contents. 

When an envelope generator is used, the amplitude levels are restricted. The number of levels available 
is then reduced to eight. This is achieved by disabling the least significant bit (LSB) of the amplitude 
control. 
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Microprocessor controlled stereo sound generator 
for sound effects and music synthesis 


Envelope controllers 


Two of the six tone generators are under envelope control. This applies to both the left and right 
outputs from the tone generator. 
The envelope has the following eight possible modes: 


© Amplitude is zero 

Single attack 

Single decay 

Single attack-decay (triangular) 
Maximum amplitude 
Continuous attack 
Continuous decay 

@ Continuous attack-decay 


The timing of the envelope controllers is programmable using one of the frequency generators (see 
Fig. 1). When the envelope mode is selected for a channel its contro! resolution is halved for that 
channel from 16 levels to 8 levels by rounding down to the nearest even level. 

There is also the capability of controlling the ‘right’ component of the channel with inverse of the 
‘left’ component, which remains as programmed. 


A direct enable permits the start of an envelope to be defined, and also allows termination of an 
envelope at any time. The envelope rate may be controlled by a frequency channel (see Fig. 1), or by 
the microprocessor writing to the address buffer register. If the frequency channel controlled is OFF 
(NE = FE = O) the envelope will appear at the output, which provides an alternative ‘non-square’ tone 
capability. In this event the frequency will be the envelope rate, which provided the rate is from the 
frequency channel, will be a maximum of 1 kHz. Higher frequencies of up to 2 kHz can be obtained 
by the envelope resolution being halved from 16 levels to 8 levels. Rates quoted are based on the input 
of a 8 MHz clock. 


Six-channel mixers/current sink analogue output stages 


DEVELOPMENT DATA 


Six channels are mixed together by the two mixers allowing each one to control one of six equally 
weighted current sinks, to provide a seven level analogue output. 


Command/control select 


In order to simplify the microprocessor interface the command and control information is multiplexed. 

To select a register in order to control frequencies, amplitudes, etc. the command-register has to be loaded. 
The contents of this register determines to which register the data is written in the next control-cycle. 

If a continuous update of the control-register is necessary, only the control-information has to be 

written (the command-information does not change). 

If the command/control select (AO) is logic 0, the byte transfer is control; if AO is logic 1, the byte 
transfer is command. 


Interface to microprocessor 

The SAA1099 is a data bus based 1/0 peripheral. Depending on the value of the command/control 
signal (AO) the CS and WR signals control the data transfer from the microprocessor to the SAA1099. 
The data-transfer-acknowledge (DTACK) indicates that the data transfer is completed. When, during 
the write cycle, the microprocessor recognizes the DTACK, the bus cycle will be completed by the 
processor. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 18) Vppb —0,3to +7,5 V 

Maximum input voltage vy —0,3to +7,5 V 
at Vpp = 4,5 to 5,5 V V\ —0,5to +7,5 V 

Maximum output current lo max. 10 mA 

Total power dissipation Prot 500 mW 

Storage temperature range Tstg —55to +125 °C 

Operating ambient temperature range Tamb Oto +70 °C 

Electrostatic handling” Ves —1000 to + 1000 V 


* Equivalent to discharging a 250 uF capacitor through a 1 kQ series resistor. 


570 May 1985 


DEVELOPMENT DATA 


Microprocessor controlled stereo sound generator 


for sound effects and music synthesis 


D.C. CHARACTERISTICS 
Vpp = 5 V + 10%; Tamb = 0 to 70 °C; unless otherwise specified 


| Signal-to-noise ratio (note 6) 


D.C. leakage current all channels off 


Maximum current difference between 
left and right current sinks (note 5) 


— pai 
parameter [symbol 
Supply | 
Supply voltage | Vpop 
Supply current Ipp 
Reference current (note 1) | lref 
INPUTS 
Input voltage HIGH | VIH 
Input voltage LOW | VIL 
Input leakage current }flyy 
Input capacitance | on 
OUTPUTS | 
DTACK (open drain; note 2) | 
Output voltage LOW 

at IOoL = 3,2 mA VoL 

| Voltage on pin 7 (OFF state) V7-9 

Output capacitance (OFF state) | Co 

| Load capacitance CL 

| Output leakage current (OFF state) -ILo 
Audio outputs (pins 4 and 5) 

With fixed I; (note 3) 

One channel on lo1/lref 
Six channels on 106/6x| ref 
With Ire = 250 pA; Ry = 1,5 kQt (+ 5%) 

One channel on lo1/lret 
Six channels on 196 /6x! ref 
Output current one channel on lo1 
Output current six channels on lo6 

With resistor supplying |g (note 4) 

Output current one channel on 

Output current six channels on 

Load resistance 


SAA1099 


in [ow [oof 


225 
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SAA1099 


A.C. CHARACTERISTICS 


Vpp = 5 V # 10%; Tamb = 0 to 70 °C; timing measurements taken at 2,0 V for a logic 1 and 0,8 V 
for a logic 0 unless otherwise specified (see waveforms Figs 3 and 4) 


© 


parameter symbol min. 

Bus interface timing (see Fig. 3) 

AO set-up time to CS fall tasc 0 

CS LOW to WR fall tcsw 30 

AO set-up time to WR fall tasw 50 = - ns 
WR LOW time tWL | 100 - - ns 
Data bus valid to WR rise tasw 100 - _ ns 
DTACK fall delay from WR fall (note 7) | torw 0) - 85 ns 
AO hold time from WR HIGH tAHW 0) - - ns 
CS hold time from WR HIGH tcHW 0) - - ns 
Data bus hold time from WR HIGH toHW ie) - - ns 
DTACK rise delay from WR HIGH | toRW 0) - 100 ns 
Bus cycle time (note 8) | toy 4tcLK |- - 

Bus cycle time (note 9) tcy 16tcLK | — = 

Clock input timing (see Fig. 4) | 

Clock period tCLK 120 

Clock LOW time tLow 

Clock HIGH time tHIGH 


Notes to the characteristics 


1, Using an external constant current generator to provide a nominal I;ef or external resistor 
connected to Vpp. 

2. This output is short-circuit protected to Vpp and Vgs. 

3. Measured with I-e¢ a constant value between 100 and 400 yA; load resistance (R__) allowed to match 
E12 (5%) in all applications via: 


Ry = 0,6 [Ire¢] “' —16 [leg] ® + 12% 


4. Measured with Rre¢ = 10 k&2 (= 5%) connected between Iref and Vpp; RL = 1,5 kQ (+ 5%); OUTR 
and OUTL short-circuit protected to Vss. 

5, Left and right outputs must be driven with identical configuration. 

6. Sample tested value only. 

7. This timing parameter only applies when no wait states are required; otherwise parameter is invalid. 

8. The minimum bus cycle time of four clock periods is for loading all registers except the amplitude 


registers. 

. The minimum bus cycle time of 16 clock periods is for loading the amplitude registers. In a 
system using DTACK it is possible to achieve minimum times of 500 ns. Without DTACK the 
parameter given must be used. 
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Fig. 3 Bus interface waveforms. 
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Fig. 4 Clock input waveform. 
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APPLICATION INFORMATION 
Device operation 


The SAA1099 uses pulse width modulation to achieve emplitude and envelope levels. The twelve 

signals are mixed in an analogue format (6 ‘left’ and 6 ‘right’) before leaving the chip. The amplitude 
and envelope signals chop the output at a minimum rate of 62,5 kHz, compared with the highest tone 
output of 7,81 kHz. Simple external low-pass filtering is used to remove the high frequency components, 


Rates quoted are based on the input of a 8 MHz clock. 


A data bus based write only structure is used to load the on-board registers. The data bus is used to 
load the address for a register, and subsequently the data to that register. Once the address is loaded 
multiple data loads to that register can be performed. 


The selection of address or data is made by the single address bit AO, as shown in register maps Table 1 
and Table 2. 


The bus control signals WR and CS are designed to be compatible with a wide range of microprocessors, 
a DTACK output is included to optimise the interface with an S68000 series microprocessor. In most 
bus cycles DTACK will be returned immediately, this applies to all register address load cycles and all 
except amplitude data load cycles. With respect to amplitude data, a number of wait cycles may need 
to be performed, depending on the time since the previous amplitude load. DTACK will indicate the 
number of required waits. 


Register description (see Tables 2 and 3) 


The amplitudes are assigned with ‘left’ and ‘right’ components in the same byte, on a channel by 
channel basis. The spare locations that are left between blocks of registers is to allow for future 
expansion, and should be written as zero’s. The tone within an octave is defined by eight bits and the 
octave by three bits. Note that octaves are paired (0/1, 2/3 etc.). The frequency and noise enables are 
grouped together for ease of programming. The controls for noise ‘colour’ (clock rate) are grouped 

in one byte. 

The envelope registers are positioned in adjacent locations. There are two types of envelope controls, 
direct acting controls and buffered controls. The direct acting controls always take immediate effect, 
and are: 

@ Envelope enable (reset) 

@ Envelope resolution (16/8 level) 


The buffered controls are acted upon only at the times shown in Fig. 5 and control selection of: 
@ Envelope clock source 

e@ Waveform type 

®@ Inverted/non-inverted ‘right’ component 


Table 1 External memory map 


operations 


data for internal registers 
internal register address 


Where X = don’t care state. 
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Table 2 Internal register map 


register 
address 


data bus inputs 
DS 


ARO3 | ARO2| ARO1 


operations 


amplitude 0 right channel; 
left channel 

amplitude 1 right/left 
amplitude 2 right/left 
amplitude 3 right/left 
amplitude 4 right/left 
amplitude 5 right/left 


> 
2 
3 


xxK OWN 


™ XxX OARWN— 


mx ORWN 
f} 
is} 


™ XO PWN 
° 
@ 


axx Aeon 
a 
° 
B 
° 
ss 


frequency of tone 0 
frequency of tone 1 
frequency of tone 2 
frequency of tone 3 
frequency of tone 4 
frequency of tone 5 


TMAWN]?TXKOARWN= 


a 
Oo 


TmPWNH— 


oa 
o 
oa 
oa 
a 
> 
TPWNH— 
oa 
Ww 
a 
= 


° 
a] 

XX TAON=AXX TRON 
ro>) 


x x 

xX TAWN 

xx Teon- 
N 

xX TMARWNH=T 

x x 


octave 1; octave 0 
octave 3; octave 2 
octave 5; octave 4 


xx «x KK & 


frequency enable 
noise enable 

noise generator 1; 
noise generator O 


2S DS IR PES PE ARE DE TN FR GIRO SS DR DROP ERLOD RD) = 
~N 


DEVELOPMENT DATA 


envelope generator 0 
envelope generator 1 


{| frequency reset (all channels) 
|] sound enable (all channels) 


x KKK KK KKK KKK 


Where: 

All don’t cares (X) should be written as zero’s. 

00 to 1F block of registers repeats eight times in the block between addresses 00 to FF (full internal 
memory map). 
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APPLICATION INFORMATION (continued) 
Table 3 Register description 


description 


ARn3; ARn2; 
ARn1; ARnO 
(n = 0,5) 


4 bits for amplitude control 
of right channel 

0000 = minimum amplitude (off) 
1.111 maximum amplitude 


ALn3; ALn2; 
AlLn1; ALnO 
(n =0,5) 


4 bits for amplitude control 

of left channel 

0000 minimum amplitude (off) 
1 1°11. maximum amplitude 


Fn7 to FnO 
(n = 0,5) 


8 bits for frequency control + 
of the six frequency generators 

00000000 lowest frequency 
11111111 highest frequency 


On2; On1; OnO 
(n =0,5) 


its for octave control 

O lowest octave (31 Hz to 61 Hz) 

1 (61 Hz to 122 Hz) 
0 (122 Hz to 244 Hz) 
1 (245 Hz to 488 Hz) 
0 (489 Hz to 977 Hz) 
1 
0 
1 


(978 Hz to 1,95 kHz) 
(1,96 kHz to 3,91 kHz) 
highest octave (3,91 kHz to 7,81 kHz) 


frequency enable bit (one tone per generator) 
FEn = 0 indicates that frequency ‘n’ is off 


noise enable bit (one tone per generator) 
NEn = 0 indicates that noise ‘n’ is off 


2 bits for noise generator control. 
These bits select the noise generator rate (noise ‘colour’) 
Nn1 NnO clock frequency 

0 0 31,3 kHz 


0 1 15,6 kHz 
1 0 7,6 kHz 
1 1 61Hz to 15,6 kHz (frequency generator 0/3) 
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bit description 
En7; 
En5 to End 7 bits for envelope control 
(n= 0,1) End 
0 left and right component have the same envelope 
i right component has inverse of envelope that is applied to left 
component 
En3 En2 En1 
ie} 0 0 zero amplitude 
0 0 1 maximum amplitude 
0 1 0 single decay 
0 1 1 repetitive decay 
1 0 0 single triangular 
1 0 1 repetitive triangular 
1 1 0 single attack 
1 1 1 repetitive attack 
En4 
QO 4bits for envelope control (maximum frequency = 977 Hz) 
1 3 bits for envelope control (maximum frequency = 1,95 kHz) 
En5 
0 internal envelope clock (frequency generator 1 or 4) 
1 external envelope clock (address write pulse) 
n 


En7 
O reset (no envelope control) 
1 


envelope control enabled 


SE sound enable for all channels 
(reset on power-up to 0) 

0 all channels disabled 

1 all channels enabled 


DEVELOPMENT DATA 


Reset signal to all frequency generators 
0 all generators enabled 
1 all generators reset and synchronized 


Note 
All rates given are based on the input of a 8 MHz clock. 
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APPLICATION INFORMATION (continued) 


En3 En2 Enl EnO 


0 oO 0 io 
Le (1) >] t -| 
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(4) (4) (4) 
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ee Y LaMladdl: 
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Fig. 5 Envelope waveforms. 
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Notes to Fig. 5 
(1) The level at this time is under amplitude control only (En7 = 0; no envelope). 


(2) When the generator is active (En7 = 1) the maximum level possible is 7/8ths of the amplitude level. 
(3) After position (3) the buffered controls will be acted upon when loaded. 
(4) At positions (4) the buffered controls will be acted upon if already loaded. 


(5) Waveforms ‘a’ to ‘h’ show the left channel (En0 = 0; left and right components have the same 
envelope). 
Waveform ‘i’ shows the right channel (En0 = 1; right component inverse of envelope applied to 


left). 
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Fig. 6 Typical application circuit diagram. 
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TUNER SWITCHING CIRCUIT 


The SAA1300 is for switching on and off the supply lines of various circuit parts via an I?C bus signal. 
Furthermore, it can be used to supply current for switching diodes in radio and television tuners. It 
contains 5 output stages, which are capable of supplying up to 85 mA in the ON state or sinking up 
to —100 wA in the OFF state. 


Current limiting and short-circuit protection are included. The output stages are driven by a shift 
register/latch combination which is loaded via data from the |?C bus. A power-on reset of the latches 
ensures the OFF state of the output stages (OUT 2 to OUT 5) without data reception from the !?C bus. 
A subaddressing system allows the connection of up to three circuits on the same |?C bus lines; one of 
the outputs (OUT 1, pin 7) can also be used as an input to select the device via a simple internal A/D 
converter. 


OuTi UT 5 


A/O 
CONVERTER 
aro aro aro aor becca ON, 


aren becca 
SHIFT 
REGISTER 
(8x) 


RECEIVER 


ADDRESS 
DECODER 
(8x) 


SAA1300 


7285576. 


Fig. 1 Block diagram. 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT 142). 
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PINNING 
pin no. symbol function 
1 GND ground 
2 Vp positive supply 
3 OUTS5 
4 OUT 4 
5 OUT3 outputs 
6 OUT 2 | 
7 OUT 1 output and subaddressing input 
8 SDA serial data line | Cb 
9 SCL serial clock line } ye 
1?C BUS INFORMATION 
Address, first byte 
01000ABO where, 
A B function condition 
general address OUT 1 = output 


OUT 1 = input address accepted if Vout 1 = VouT L (LOW) 
OUT 1 = input address accepted if VgUuT 1 = VOUTH (HIGH) 
OUT 1 = input address accepted if Vout 1 = VoUT M(MEDIUM) 


0 
0) 
1 
1 


Data, second byte 
OUT 5, OUT 4, OUT 3, OUT 2, OUT 1, X, X, X 


The !/O output stage (OUT 1) is switched as an input stage after a power-on reset. It depends on the 
contents of the first data transmission whether the output stage is switched as an output or remains 


=O}-0 


as an input. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 13,2. 
Input voltage range at SDA, SCL VI —0,5to+6,0 V 
Input voltage range at OUT 1 Vv) —0,5to+12,5 V 
Output voltage range at OUT 1 to OUT5 Vo —0,5to+12,5 V 
Input current at SDA, SCL ly max. 20 mA 
Input current at OUT 1 \y max. 20 mA 
Total power dissipation Prot max. 825 mW 
Storage temperature range Tstg —40 to +125 °C 
Operating ambient temperature range Tamb —20 to +80 °C 
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CHARACTERISTICS 
Vp =8V; Tamb = 25 °C; unless otherwise specified 


parameter 


Supply (pin 2) 
Supply voltage range 


Supply current 
5 outputs LOW 
5 outputs HIGH 


Power-on reset level 
output stage in ‘OFF’ condition 


Maximum power dissipation* 


Inputs SDA, SCL (pins 8 and 9) 
Input voltage HIGH 

Input voltage LOW 

Input current HIGH 

Input current LOW 
Acknowledge sink current 


Maximum input frequency 


Outputs OUT 1 to OUT 5 (pins 3 to 7) 


Maximum output current; source: “ON” 


Maximum output current; source: “ON” 
Tamb = 80 °C 

Output voltage HIGH 
at IOsq = 85 MA 

Output current; sink “OFF” 


Output voltage LOW 
at lQsj = —100 pA 


Output voltage MEDIUM 
atlgo =10mA 


OUT 1 used as subaddressing input 
Input voltage HIGH (code 1 0) 
Input voltage MEDIUM (code 1 1) 
Input voltage LOW (code 0 1) 


Philips’ 1?C patent to use the components in the |?C-system 
provided the system conforms to the I?C specifications defined 


BUS by Philips. 


* Outputs must not be driven simultaneously at maximum source current. 
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DEVELOPMENT DATA 
This data sheet contains advance information and SAA3004 


specifications are subject to change without notice. 


REMOTE CONTROL TRANSMITTER 


GENERAL DESCRIPTION 


The SAA3004 transmitter IC is designed for infrared remote control systems. It has a total of 448 
commands which are divided into 7 sub-system groups with 64 commands each. The sub-system code 
may be selected by a press button, a slider switch or hard wired. 


The SAA3004 generates the pattern for driving the output stage. These patterns are pulse distance 
coded. The pulses are infrared flashes or modulated. The transmission mode is defined in conjunction 
with the sub-system address. Modulated pulses allow receivers with narrow-band preamplifiers for 
improved noise rejection to be used. Flashed pulses require a wide-band preamplifier within the 
receiver. 


The SAA3004 has the following features: 

Flashed or modulated transmission 

7 sub-system addresses 

Up to 64 commands per sub-system address 
High-current remote output at Vpp = 6 V (—IQy = 40 mA) 
Low number of additional components 

Key release detection by toggle bits 

Very low stand-by current (< 2 yA) 

Operational current < 2 mA at 6 V supply 

Wide supply voltage range (4 to 11 V) 

Ceramic resonator controlled frequency (typ. 450 kHz) 


Encapsulation: 20-lead plastic DIL or 20-lead plastic mini-pack (SO-20) 


PACKAGE OUTLINES 


SAA3004P: 20-lead DIL; plastic (SOT 146). 
SAA3004T: 20-lead mini-pack; plastic (SO20; SOT 163A). 


| June 1982 


585 


SAA3004 


13°14 15 16 17 18 19 
20 


SAA3004 


SENSN 


Osco 


ee 
address 

—— 
selection 


ceramic 
resonator 


a ne 455 kHz 
a a 7285678 


Fig. 1 Transmitter with SAA3004. 


INPUTS AND OUTPUTS 
Key matrix inputs and outputs (DRVON to DRV6N and SENON to SEN6N) 


The transmitter keyboard is arranged as a scanned matrix. The matrix consists of 7 driver outputs and 

7 sense inputs as shown in Fig. 1. The driver outputs DRVON to DRVE6N are open drain N-channel 
transistors and they are conductive in the stand-by mode. The 7 sense inputs (SENON to SENGN) enable 
the generation of 56 command codes. With 2 external diodes all 64 commands are addressable. The sense 
inputs have P-channel pull-up transistors, so that they are HIGH until they are pulled LOW by connec- 
ting them to an output via a key depression to initiate a code transmission. 


Address mode input (ADRM) 


The sub-system address and the transmission mode are defined by connecting the ADRM input to one 
or more driver outputs (DRVON to DRV6N) of the key matrix. If more than one driver is connected 
to ADRM, they must be decoupled by a diode. This allows the definition of seven sub-system addres- 
ses as shown in Table 3. If driver DRV6N is connected to ADRM the data output format of REMO is 
modulated or if not connected, flashed. 


The ADRM input has switched pull-up and pull-down loads. In the stand-by mode only the pull-down 
device is active. Whether ADRM is open (sub-system address 0, flashed mode) or connected to the 
driver outputs, this input is LOW and will not cause unwanted dissipation. When the transmitter 
becomes active by presssing a key, the pull-down device is switched off and the pull-up device is 
switched on, so that the applied driver signals are sensed for the decoding of the sub-system address 
and the mode of transmission. 
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The arrangement of the sub-system address coding is such that only the driver DRVnN with the highest 
number (n) defines the sub-system address, e.g. if driver DRV2N and DRV4N are connected to ADRM, 
only DRVA4N will define the sub-system address. This option can be used in transmitters for more than 
one sub-system address. The transmitter may be hard-wired for sub-system address 2 by connecting 
DRV1N to ADRM. If now DRV3N is added to ADRM by a key or a switch, the transmitted sub-system 
address changes to 4. 


A change of the sub-system address will not start a transmission. 


Remote control signal output (REMO) 


The REMO signal output stage is a push-pull type. In the HIGH state a bipolar emitter-follower allows 
a high output current. The timing of the data output format is listed in Tables 1 and 2. 

The information is defined by the distance tp between the leading edges of the flashed pulses or the 
first edge of the modulated pulses (see Fig. 3). 

The format of the output data is given in Figs 2 and 3. In the flashed transmission mode the data word 
starts with two toggle bits T1 and TO, followed by three bits for defining the sub-system address S2, S1 
and SO, and six bits F, E, D, C, B and A, which are defined by the selected key. 

In the modulated transmission mode the first toggle bit T1 is replaced by a constant reference time bit 
(REF). This can be used as a reference time for the decoding sequence. 

The toggle bits function as an indication for the decoder that the next instruction has to be considered 
as a new command. 


The codes for the sub-system address and the selected key are given in Tables 3 and 4. 


Oscillator input/output (OSC! and OSCO) 


The external components must be connected to these pins when using an oscillator with a ceramic 
resonator. The oscillator frequency may vary between 400 kHz and 500 kHz as defined by the resonator. 


FUNCTIONAL DESCRIPTION 

Keyboard operation 

In the stand-by mode all drivers (DRVON to DRV6N) are on. Whenever a key is pressed, one or more 
of the sense inputs (SENnN) are tied to ground. This will start the power-up sequence. First the oscil- 
lator is activated and after the debounce time tpg (see Fig. 4) the output drivers (DRVON to DRV6N) 
become active successively. 

Within the first scan cycle the transmission mode, the applied sub-system address and the selected 
command code are sensed and loaded into an internal data latch. In contradiction to the command 
code the sub-system address is sensed only within the first scan cycle. If the applied sub-system 
address is changed while the command key is pressed, the transmitted sub-system address is not altered. 
In a multiple key-stroke sequence (see Fig. 5) the command code is always altered in accordance with 
the sensed key. 


Multiple key-stroke protection 


The keyboard is protected against multiple key-strokes. If more than one key is pressed at the same time, 
the circuit will not generate a new output at REMO (see Fig. 5). In case of a multiple key-stroke the 
scan repetition rate is increased to detect the release of a key as soon as possible. 


There are two restrictions caused by the special structure of the keyboard matrix: 
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FUNCTIONAL DESCRIPTION (continued) 


— The keys switching to ground (code numbers 7, 15, 23, 31, 39, 47, 55 and 63) and the keys 
connected to SEN5N and SEN6N are not covered completely by the multiple key protection. If one 
sense input is switched to ground, further keys on the same sense line are ignored. 

— SENS5N and SENEN are not protected against multiple key-stroke on the same driver line, because 
this condition has been used for the definition of additional codes (code numbers 56 to 63). 


Output sequence (data format) 


The output operation will start when the selected code is found. A burst of pulses, including the latched 
address and command codes, is generated at the output REMO as long as a key is pressed. The format 
of the output pulse train is given in Figs 2 and 3. The operation is terminated by releasing the key or if 
more than one key is pressed at the same time. Once a sequence is started, the transmitted words will 
always be completed after the key is released. 


The toggle bits TO and T1 are incremented if the key is released for a minimum time tre (see Fig. 4). 
The toggle bits remain unchanged within a multiple key-stroke sequence. 
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Fig. 2 Data format of REMO output; REF = reference time; TO and T1 = toggle bits; SO, S1 and S2 = 
system address; A, B, C, D, E and F = command bits. 

(a) flashed mode: transmission with 2 toggle bits and 3 address bits, followed by 6 command bits 
(pulses are flashed). 

(b) modulated mode: transmission with reference time, 1 toggle bit and 3 address bits, followed by 6 
command bits (pulses are modulated). 
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Fig. 3 REMO output waveform. 
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Table 1 Pulse train timing 


2,53 

2,53 - 
fosc 455 kHz tosc = 2,2 us 
tp 4 X tose flashed pulse width 
t™ 12 X tose modulation period 
tML 8 X tose modulation period LOW 
tMH 4X tose modulation period HIGH 
To 1152 X tose basic unit of pulse distance 
tw 55 296 x tosc word distance 


logic “0” 2xTo 


logic “1” 3xTo 
reference time 3xTo 
toggle bit time 2xTpor3xTo 
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Table 3 Transmission mode and sub-system address selection 

The sub-system address and the transmission mode are defined by connecting the ADRM input to one 
or more driver outputs (DRVON to DRVE6N) of the key matrix. If more than one driver is connected to 
ADR\M, they must be decoupled by a diode. 


sub-system driver DRVnN 
address forn= 
S 1 2°33" 445. 6 
1 
0 ° 
0 Xx 
0 x 
0 Xx 
1 x 
1 Xx 
° 
° ° 
x ° 
x ° 
4 ° 
Xx ° ° = connected to ADRM 
xX ° blank = not connected 
to ADRM 
Xx = don’t care 


matrix 
Position 


Q 
° 
a 


p=-A3-=0000/0? 


DEVELOPMENT DATA 


-=0CO-=o00/n 
+-O-0-0-o0lyp 


8 to 15 
16 to 23 
24 to 31 
32 to 39 
40 to 47 
48 to 55 


=-==000/00000000/m 
=-C0--0]/00000000/m 
O-C-0-|0C0CDDCCOOOlD 


56 to 63 


=e 
a 
ay 


* The complete matrix drive as shown above for SENON is also applicable for the matrix sense inputs 
SEN1N to SEN6N and the combined SEN5N/SEN6N. 


** The C, B and A codes are identical to SENON as given above. 
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[19] DRVEN 
118] ORVSN 
DRV4N 
[16] DRV3N 
DRV2N 
DRVIN 
[13] DRVON 
/12] Osco 

11] osci 
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Fig. 6 Pinning diagram. 


RATINGS 


PINNING 
REMO 


SEN6N 
SEN5N 
SEN4N 
SEN3N 
SEN2N 
SENIN 
SENON 


ADRM 
10 Vss 
11 OSCI 
12 OSCO 


13 DRVON 
14 DRVIN 
15 DRV2N 
16 DRV3N 
17 ORV4N 
18 DRV5SN 
19 DRV6N 


20 Vpp 


OAnNOnHhWN — 


© 


remote data output 


key matrix sense inputs 


address mode control input 
ground 

oscillator input 

oscillator output 


key matrix drive outputs 


positive supply 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage range 

Input voltage range 

Output voltage range 

D.C. current into any input or output 


Peak REMO output current 
during 10 ys; duty factor = 1% 


Power dissipation per package 
for Tamb = —20 to +70 OC 


Storage temperature range 
Operating ambient temperature range 


VpD 
vy 
Vo 
+l 


—l(REMO)M 


Prot 
Tstg 
Tamb 


—0,5 to +15 V 
—0,5 to Vpp +0,5 Vv 
—0,5 to Vpp +0,5 Vv 
max. 10 mA 
max. 300 mA 
max. 200 mW 
—55 to +150 oC 
—20 to +70 °C 
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CHARACTERISTICS 
Vgg = 0 V; Tamb = 25 °C; unless otherwise specified 


[ parameter Vpp symbol 
(V) 
mel 
Supply voltage 
Tamb = 0 to +70 °C = Vop 4 - 1 
Supply current; active | 
fosc = 455 kHz; 6 Ipp fe 1 ‘a 
REMO output unloaded 9 Ipp - 3 = 
Supply current; inactive | 
(stand-by mode) 6 ' Ipp - - 2 
Tamb = 25 °C i 9 Ipp - - 2 
Oscillator frequency | 
(ceramic resonator) 4to11 |! fos 400 - 500 
| 
Keyboard matrix 
Inputs SENON to SEN6N 
Input voltage LOW 4to11 | Vit - - 0,2xVpp}V 
< Input voltage HIGH | 4to11 | Viy 08xVpp — - 
4 Input current 4 -l| 10 - 100 
< V,;=O0V 11 -l 30 - 300 
Ff Input leakage current 
2 Vi=Vppb 11 ly - - 1 
° Outputs DRVON to DRV6N 
3 Output voltage “ON” 
ral lo = 0,1 mA 4 VOL - = 0,3 
lo = 1,0mA 11 VOL - - 0,5 
Output current “OFF” 
Vo=11V 11 lo - 10 
Control input ADRM 
Input voltage LOW 
Input voltage HIGH 
Input current (switched P- 
and N-channel pull-up/ 
pull-down) 
Pull-up active 


stand-by voltage: 0 V 


Pull-down active 
stand-by voltage: Vpp 
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CHARACTERISTICS (continued) 
Vgs = 0 V; Tamb = 25 OC; unless otherwise specified 


= — 4 = 
parameter or symbol min. typ. max. it 
Data output REMO = 
Output voltage HIGH 6 ! VOH 3 - - Vv 
—loH = 40 mA 9 | VOH 6 - - Vv 
Output voltage LOW 6 VoL | - = 0,2 Vv 
lol =0,3 mA 9 VOL - - 0,1 Vv 
| | 
Oscillator | | 
} Input current 
OSCI at Vpp | 6 1 iy | 08 = 27, pA 
Output voltage HIGH | 
—loL =0,1 mA | 6 VOH - - Vpp-—0,6 | V 
Output voltage LOW | 
I =0,1mA 6 Vv - _ 0,6 Vv 
OH L | OL 
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DEVELOPMENT DATA 
This data sheet contains advance information and SAA3006 


specifications are subject to change without notice. 


LOW VOLTAGE INFRARED REMOTE CONTROL 
TRANSMITTER (RC-5) 


GENERAL DESCRIPTION 


The SAA3006 is intended as a general purpose (RC-5) infrared remote control system for use where 
only low supply voltages are available. The device can generate 2048 different commands and utilizes a 
keyboard with a single-pole switch per key. The commands are arranged so that 32 systems can be 
addressed, each system containing 64 different commands. 


The circuit response to legal (one key pressed at a time) and illegal (more than one key pressed at a 
time) keyboard operation is specified later in this publication (see KEY ACTIVITIES). 


Features 

Low supply voltage requirements 

Very low current consumption 

For infrared transmission link 

Transmitter for 32 x 64 commands 

One transmitter controls 32 systems 

Transmission biphase technique 

Short transmission times; speed-up of system reaction time 
Single-pin oscillator input 

Input protection 


Test mode facility 


QUICK REFERENCE DATA 


Supply voltage range Vpp 2to7 Vv 
Input voltage range Vv) 0,5 to(Vpp+0,5) V* 
Input current Ral max. 10 mA 
Output voltage range Vo -—0,5to(Vpp+0,5) V* 
Output current +lq max. 10 mA 
Operating ambient temperature range Tamb —25 to +85 °C 


*Vpp + 0,5 V not to exceed 9 V. 


PACKAGE OUTLINE 
28-lead DIL; plastic (SOT117). 
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SAA3006 


eal 


TER 
SET 
GENERATOR 
i 213 
DECODER DIVIDER 
CONTROL 
UNIT 


KEYBOARD 
ENCODER 


COMMAND 
AND 
SYSTEM 
ADDRESS 


LATCH KEYBOARD 


DRIVER 
DECODER 


PARALLEL 
TO SERIAL 
CONVERTER 


7290143 


Fig. 1 Block diagram. 
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Low voltage infrared remote control transmitter (RC-5) SAA3006 


PINNING 
14 Vss negative supply (ground) 
28 Vop positive supply 
Vv 21 x0 
22 Yoo CISA 
x6 23. X2 
[25] x5 24 X3 keyboard command inputs with 
25 x4 P-channel pull-up transistors 
x4 26 X5 
op 27 X6 
1 x7 
2 3 ZO | 
x1 4 Z1 keyboard system inputs with 
SAA3006 5 Z2 | P-channel pull-up transistors 
xo 6 Z3 
TPI 2 SSM system mode selection input 
1P2 20 TP1 test input 
19 TP2 test input/output 
@ ose 18 Osc oscillator input 
A BRO 17 DRO 
fa) [16] oR} 16 OR1 
5 15 DR2 
wi [15] OR2 13 DR3 | scan driver output with open 
2 12 DR4 drain N-channel transistors 
9 7290139 1 1 DR5 
Ww ' — : 10 DR6 
G Fig. 2 Pinning diagram. 9 DR7 


z MDATA remote signal outputs 
8 DATA (3-state outputs) 
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(3) 


SAA3006 


(4) 


7290141 


(1) Control inputs for operating modes, test modes and reset. 
(2) Remote signal outputs. 


(3) Keyboard command code matrix 8 x 8. 
(4) Keyboard system code matrix 4 x 8. 


Fig. 3 Keyboard interconnection. 
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Low voltage infrared remote control transmitter (RC-5) SAA3006 


FUNCTIONAL DESCRIPTION 


Combined system mode (SSM = LOW) 


The X and Z-lines are active HIGH in the quiescent state. Legal key operation either in the X-DR or Z-DR 
matrix starts the debounce cycle. When the contact is made for two bit times without interruption, the 
oscillator-enable signal is latched and the key may be released. Interruption within the two bit times 
resets the internal action. At the end of the debounce time, the DR-outputs are switched off and two 
scan cycles are started, switching on the DR-outputs one by one. When a Z- or X-input senses a LOW 
level, a latch-enable signal is fed to the system address or command latches, depending on whether 
sensing was found in the Z- or X-input matrix. After latching a system address number, the device will 
generate the last command (i.e. all command bits ‘1’) in the chosen system as long as the key is pressed. 
Latching of a command number causes the device to generate this command together with the system 
address number stored in the system address latch. Releasing the key will reset the internal action if no 
data is transmitted at that time. Once the transmission is started, the signal will be finished completely. 


Single system mode (SSM = HIGH) 


The X-lines are active HIGH in the quiescent state; the pull-up transistors of the Z-lines are switched off 
and the inputs are disabled. Only legal key operation in the X-DR matrix starts the debounce cycle. 
When the contact is made for two bit times without interruption, the oscillator-enable signal is latched 
and the key may be released. Interruption within the two bit times resets the internal action. At the 
end of the debounce time, the pull-up transistors in the X-lines are switched off, those in the Z-lines 

are switched on during the first scan cycle. The wired connection in the Z-matrix is then translated 

into a system address number and stored in the system address latch. At the end of the first scan 

cycle the pull-up transistors in the Z-lines are switched off and the inputs are disabled again, while the 
transistors in the X-lines are switched on. The second scan cycle produces the command number 

which, after latching, is transmitted together with the system address number. 


Inputs 


The command inputs XO to X7 carry a logical ‘1’ in the quiescent state by means of an internal pull-up 
transistor. When SSM is LOW, the system inputs ZO to Z3 also carry a logical ‘1’ in the quiescent state 
by means of an internal pull-up transistor. 


DEVELOPMENT DATA 


When SSM is HIGH, the transistors are switched off and no current flows via the wired connection in 
the Z-DR matrix. 


Oscillator 


The oscillator is formed by a ceramic resonator (catalogue number 2422 540 98021 or equivalent) 
feeding the single-pin input OSC. Direct connection is made for supply voltages in the range 2 to 

5,25 V but it is necessary to fit a 10 kQQ resistor in series with the resonator when using supply voltages 
in the range 2,6 to7 V. 


Key-release detection 


An extra control bit is added which will be complemented after key-release. In this way the decoder 
gets an indication that shows if the next code is to be considered as a new command. This is very 
important for multi-digit entry (e.g. by channel numbers or Teletext/Viewdata pages). The control bit 
will only be complemented after finishing at least one code transmission. The scan cycles are repeated 
before every code transmission, so that, even by ‘take-over’ of key operation during code transmission, 
the correct system and command numbers are generated. 
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FUNCTIONAL DESCRIPTION (continued) 
Outputs 


The output DATA carries the generated information according to the format given in Fig. 4 and Tables 
2 and 3. The code is transmitted in biphase; definitions of logical ‘1’ and ‘0’ are given in Fig. 5. 


The code consists of four parts: 

@ Start part formed by 2 bits (two times a logical ‘1’); 
e Control part formed by 1 bit; 

@ System part formed by 5 bits; 

@ Command part formed by 6 bits. 


The output MDATA carries the same information as output DATA but is modulated on a carrier fre- 
quency of 1/12 of the oscillator frequency, so that each bit is presented as a burst of 32 pulses. To 
reduce power consumption, the carrier frequency has a 25% duty cycle. 


In the quiescent state, both outputs are non-conducting (3-state outputs). The scan drivers DRO to 

DR7 are of the open drain N-channel type and are conducting in the quiescent state of the circuit. After 
a legal key operation all the driver outputs go into the high ohmic state; a scanning procedure is then 
started so that the outputs are switched into the conducting state one after the other. 


Reset action 

The circuit will be reset immediately when a key release occurs during: 

@ debounce time; 

@ between two codes. 

When a key release occurs during scanning of the matrix, a reset action will be accomplished if: 
@ the key is released while one of the driver outputs is in the low-ohmic ‘0’ state; 

@ the key is released before detection of that key; 

@ there is no wired connection in the Z-DR matrix while SSM is HIGH. 


Test pin 
The test pins TP1 and TP2 are used for testing in conjunction with inputs Z2 and Z3 as shown in Table 1. 


Table 1 Test functions 


LOW matrix input matrix input normal 


HIGH matrix input matrix input scan + output frequency 


six times faster than normal 
output fosc® LOW LOW reset 


output fosc® HIGH HIGH output frequency 3 x 27 
faster than normal 
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Low voltage infrared remote control transmitter (RC-5) SAA3006 


KEY ACTIVITIES 


Every connection of one X-input and one DR-output is recognized as a legal keyboard operation and 
causes the device to generate the corresponding code. 


Activating more than one X-input at a time is an illegal keyboard operation and no circuit action is 
taken (oscillator does not start). 


When SSM is LOW, every connection of one Z-input and one DR-output is recognized as a legal key- 
board operation and causes the device to generate the corresponding code. 


Activating two or more Z-inputs, or Z-inputs and X-inputs, at one time is an illegal keyboard operation 
and no circuit action is taken. 


When SSM is HIGH, a wired connection must be made between a Z-input and a DR-output. If no 
connection is made, the code is not generated. 


When one X or Z-input is connected to more than one DR-output, the last scan signal is considered 
legal. 


The maximum allowable value of the contact series resistance of the keyboard switches is 7 kQ. 


-~|  |<-— scan time 


= 

<q debounce 1 CODE 

a 

= 

G Bs 

Ww fa 

= a) system __.|____ command —s 
ro) start address bits bits 
- | > contro! bit 

Ww F 

> —— start bits 

Ww 

fa) 


a»! 2bit |. __ gata word time = 14 bit times. ———___> 
times 


2 CODES SUCCESSIVELY 


j—— 2nd 
code 


repetition time = 64 bit times 
7Z90142 


Fig. 4 DATA output format (RC-5). 


digital ‘1’ digital ‘0” 


—— 1 bit time — 7282856 


Fig. 5 Biphase transmission code; 1 bit time = 3 x 2° x Tosc 
(typically 1,778 ms) where Tg is the oscillator period time. 
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Table 2 Command matrix X-DR 


command bits 


DR-lines 
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Om|oooo0O0O0O0 K- ke kere ke Ke HK COORD ODOOO0 KF ke Ke He er ee eM 
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Table 3 System matrix Z-DR 
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Low voltage infrared remote control transmitter (RC-5) SAA3006 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range with respect to Vss Vpp —0,5 to 85 V 
Input voltage range V\ —0,5 to (Vpp +0,5) V* 
Input current +1) max. 10 mA 
Output voltage range Vo —0,5 to (Vpp +0,5) V* 
Output current +lo max. 10 mA 
Power dissipation output OSC Po max. 50 mW 
Power dissipation per output (all other outputs) Po max. 100 mW 
Total power dissipation per package Prot max. 200 mW 
Operating ambient temperature range Tamb —25 to +85 OC 
Storage temperature range Tstg —55 to +150 °C 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, itis desirable to take normal precautions appropriate to handling MOS devices (see ‘’Hand- 
ling MOS Devices’’). 


DEVELOPMENT DATA 


*Vpp + 0,5 V not to exceed 9 V. 
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CHARACTERISTICS 
Vss = 0 V; Tamb = —25 to 85 °C unless otherwise specified 


Supply voltage 2 
Supply current 
at lq = O mA for all outputs; 
X0 to X7 and Z3 at Vpp: 
all other inputs at Vpp or Vss; 
excluding leakage current from 
open drain N-channel outputs; 
Tamb = 25 °C 


foe] meno 
- |7 Vv 


Inputs 


Keyboard inputs X and Z with 
P-channel pull-up transistors 


Input current (each input) at 


V,; =0V; TP = SSM = LOW 2to7 —|; 10 - 
Input voltage HIGH 2to7 VIH 0,7x Vpp| - 
Input voltage LOW 2to7 VIL 0 ad 


Input leakage current 
at Tamb = 25 OC; TP = HIGH; 
Vj=7V 
Vv); =0V 
SSM, TP1 and TP2 
Input voltage HIGH 2to7 
Input voltage LOW 


Input leakage current 
at Tamb = 25 °C; 
Vip=7V 
V,;=O0V 
OSC 
Input leakage current 
at Tamb = 25 °C; Vj = OV; 
TP1 = HIGH; Z2 = Z3 = LOW 
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Low voltage infrared remote control transmitter (RC-5) SAA3006 


parameter symbol 


Outputs 
DATA and MDATA 


Output voltage HIGH 
at -loH = 0,4 mA 


Output voltage LOW 
atlo_ =0,6mA 


Output leakage current at: 
Vo=7V 
Vo=0V 
Tamb = 25 °C; 
Vo=7V 
Vo=0V 
DRO to DR7, TP2 


Output voltage LOW 
at lo_ =0,3mA 


Output leakage current 
atVgo=7V 


atVo=7V 
Tamb = 25 °C 
OSC 
Oscillator current at OSC = Vpp 


Oscillator 


DEVELOPMENT DATA 


Maximum oscillator frequency 
at CL = 40 pF (Figs 6 and 7) 


Free-running oscillator frequency 
at Tamb = 25 OC 


7282857 


2 


normalized 
frequency 


100 : Beer 
Cy (pF) Fig. 7 Test circuit 


Fig. 6 Typical normalized input for measurement of 
frequency as a function of the Vg maximum oscillator 
load (keyboard) capacitance. 7290140 frequency. 
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DEVELOPMENT DATA 


This data sheet contains advance information and SAA3007 


specifications are subject to change without notice, 


INFRARED REMOTE CONTROL TRANSMITTER (LOW VOLTAGE) 


GENERAL DESCRIPTION 


The SAA3007 transmitter IC for infrared remote control systems has a capacity for 1280 commands 
arranged in 20 subsystem address groups of 64 commands each. The subsystem address may be 
selected by press-button or slider switches, or be hard-wired. 


Commands are transmitted in patterns of pulses coded by the pulse spacing. The pulses can be 
infrared flashed (single pulse) or modulated. Flashed infrared transmissions require a wideband 
preamplifier at the receiver, but modulated transmissions allow a narrow band receiver to be used 
for improved noise rejection. The modulation frequency of the SAA3007 is 455 kHz which allows 
disturbance-free infrared operation in the presence of 10 - 100 kHz fluorescent lamps. 


Features 
Flashed or modulated transmission modes 
immune from fluorescent lamp disturbance in modulated mode 
Supply voltage range 2 V to 6,5 V 


Very low standby current (<4 pA at Vpp = 6 V) 
Up to 20 subsystem address groups | 


up to 1280 commands 


° 

e 

e 

© 40 mA output current capability 

° 

° 

® Up to 64 commands per subsystem address J 
° 


Requires few additional components 


PACKAGE OUTLINES 


SAA3007P: 20-lead DIL; plastic (SOT 146). 
SAA3007T: 20-lead mini-pack; plastic (S020; SOT 163A). 
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610 


SAA3007 


SAA3007 


ceramic 
resonator 


(} 455 kHz 


100 pF 120 pF 
Ji » 7297481. 


Fig. 1 SAA3007 application example. 


PINNING 


1. REMO remote data output 
SEN6N 
SEN5N 
SEN4N 
SEN3N sense inputs from key matrix 
SEN2N 
SENIN 
SENON 
9. ADRM address/mode control input 
10. Vss ground (0 V) 
11. OSCI oscillator input 


ONAARWN 


SAA3007 


12. OSCO oscillator output 
13. DRVON 
14. DRV1N 
15. DRV2N 


7297482 16. DRV3N drive outputs to key matrix 
17. DRV4N 


Fig. 2 Pinning diagram. 18. DRV5N 


19. DRV6N 
20. Vpp positive supply voltage 
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Infrared remote control transmitter (low voltage) SAA3007 


FUNCTIONAL DESCRIPTION 


Key matrix (DRVON - DRV6N and SENON - SEN6N) 


The transmitter keyboard is arranged as a scanned matrix with seven driver lines (DRVON to DRV6N) 
and seven sensing lines (SENON to SEN6N) as shown in Fig. 1. The matrix allows generation of 56 
command codes per subsystem address, with triple contacts all 64 commands are addressable, giving 

a maximum possibility of 1280 commands. 


Lines DRVON to DRVEN are driven by open drain N-channel transistors (conductive in standby mode). 
The sense lines go to P-channel pull-up transistors, so that they are HIGH until they are pulled LOW 
by key contact with a driver line. This key operation initiates a code transmission. 


The maximum allowable value of contact series resistance for keyboard switches in the ON-state is 
7kQ. 


Address/mode input (ADRM) 


Subsystem addresses are defined by connecting one or two of the key matrix driver lines (DRVON to 
DRV6N) to the ADRM input. This allows up to 20 subsystem addresses to be generated for the REMO 
output (bits S3, S2, S1 and SO) as shown in Table 1 and Fig. 3. 


The transmission mode is defined by the DRV6N to ADRM connection as follows: 
Flashed mode DRVE6N not connected to ADRM 
Modulated mode DRV6N connected to ADRM 


When more than one connection is made to ADRM then all connections should be decoupled using 
diodes. 


The AORM input has switched pull-up and pull-down loads. In the standby mode only ‘pull-down’ 

is active and ADRM is held LOW (this condition is independent of ADRM circuit configuration and 
minimizes power loss in the standby mode). 

When a key is pressed the transmitter becomes active, ‘pull-down’ is switched off, ‘pull-up’ is switched 
on and the driver line signals are sensed for the subsystem address coding. 


DEVELOPMENT DATA 


The subsystem address is sensed only within the first scan cycle, whereas the command code is 
sensed in every scan. The transmitted subsystem address remains unchanged if the subsystem address 
selection is changed while the command key is pressed. A change of the subsystem address does not 
start a transmission. 


Remote control signal output (REMO) 


The REMO output driver stage incorporates a bipolar emitter-follower which allows a high output 
current in the output active (HIGH) state. The format of the output pulse trains are shown in Fig. 3 
and one cycle of the output waveform for flashed or modulated mode is shown in Fig. 4. 

A data word starts with two toggle bits TO, T1 (Fig. 3) which indicate by changing state that the 
next instruction is a new command. The subsystem address is defined by the bits S3, S2, S1 and SO 
(bit S3 is transmitted only for subsystem addresses 8 to 20). The selected command key is defined 
by bits F, E, 0, C, B and A as shown in Table 2. 
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FUNCTIONAL DESCRIPTION (continued) 


-_ tw ————— 
a | | 
REMO | | | | | | | | | | | | | i 
L 
bit — Tite TO, wS2uhSil SO eee Eee uDe ec BOA 
data —> 0 1 t) 1 ty) 1 O20 1 0 oO 
(a) 
ee an | 
H 
REMO | | | | | ; | i | | | | | | | 
L 
bit —> 11 TO? Sai ‘SZ ‘Si “Yso F — oO Ge” & A 
data —> 1 1 a a 1 oO © 1 0 0 Z2074es 
(b) 
iso toggle bits 
$3, $2, $1, SO subsystem address 
Ato F command bits 
tw word length 
binary values determined by pulse spacing 


Fig. 3 Data format of remote control signal (REMO); (a) subsystem addresses 1 to 7, (b) subsystem 
addresses 8 to 20. 


REMO | | 
a) LS — 
ae fh A 
< tb - 
H 
(2) L -- — 
= 'MH 
—— (ML 
oe ty 
= tpw A 7297484 


(1) Flashed mode 
(2) Modulated mode 


Fig. 4 Waveform for one pulse period at REMO output; for timing values see Table 3. 


All pulse timings are multiples of the oscillator period (tgs¢) as given in Table 3. Information carried 
on the REMO output is defined as logic 1 or logic 0 by the time (th) between leading edges of the 
initial pulses of adjacent pulse periods. 


Oscillator (OSCI, OSCO) 


The external components for the oscillator circuit are connected to OSCI and OSCO. The oscillator 
operates with a ceramic resonator in the frequency range 350 kHz to 500 kHz, as defined by the 
resonator. With a supply voltage of less then 3 V a 270 KQ resistor should be connected in parallel with 
the resonator (see Fig. 1). 


612 October 1987 { 


Infrared remote control transmitter (low voltage) SAA3007 


Table 1 Definition of subsystem addresses 


address ‘| driver line(s) subsystem address 
number connected to ADRM $3 $2 $1 so 
1 no connection i - 1 1 1 
2 DRVON 0 0 0 
3 DRV1N - 0 0 1 
4 DRV2N = 0 1 ie} 
5 DRV3N - 0 1 1 
6 DRV4N - 1 0 10) 
7 ORV5N = 1 0 1 
8 DRVON and DRV2N 0 0 0 0 
9 DRVON and DRV3N 1 0 0 0 
10 DRVON and DRV4N 0 1 0 fe) 
11 DRVON and DRV5N 1 1 0 fe) 
12 DRV1N and DRV2N 0 0 0 1 
13 DRV1N and DRV3N 1 () 0 1 
14 DRV1N and DRV4N 0 1 0 1 
15 ORV1N and DRV5N 1 1 0 1 
16 DRV2N and DRV3N 1 0 1 0 
< 17 DRV2N and DRV4N 0 1 1 0) 
< 18 DRV2N and DRV5N 1 1 1 0 
eS 19 tive and DRV4N I 0 1 1 1 
20 DRV3N and DRV5N 1 1 1 1 
glee Le 
| 
$ Table 2 Definition of command codes 
w 
i) key drive-to-sense command code generated 
pressed connection made D Cc 


ORVON to SENON 
DRV1N to SENON 
DRV2N to SENON 
DRV3N to SENON 
DRVA4N to SENON 
DRVSN to SENON 
DRVEN to SENON 
DORV7N to SENON 


DRVON to SENIN 
DRV1N to SENIN 


OMA NOMA WN—O 
eoo0o0o00c°ceoe coCCCC0CoO!|m 
Pr oo--0C0O H--00+-+-00!/oDm 
-O-0?0-0 -0-0-0=0/] > 


F 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


weer ewe - Oaococoeoo0cnd 


-3=-2-20000 =-=4a10c0 000 


10 DRV2N to SEN1IN 
DRV3N to SEN1IN 
12 DRVAN to SENIN 
13 DRVSN to SEN1N 
DRVEN to SENIN 
15 DRV7N to SENIN 
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Table 2 Definition of command codes (continued) 


drive-to-sense command code generated 
connection made F E D Cc B A 
DRVON to SEN2N 0 1 fe) 0 0 0 
DRV1N to SEN2N 0 1 (¢) ie} 0 1 
DRV2N to SEN2N 0 1 0 0 1 0 
19 DRV3N to SEN2N 0 1 0 0 1 1 
20 DRV4N to SEN2N | 0 1 0 1 0 0) 
21 | DRVS5N to SEN2N 0 1 0 1 ie) 1 
22 | DRVG6N to SEN2N | Oo 1 ) 1 1 0 
23 DRV7N to SEN2N | 0 1 ie) 1 1 1 
24 | DRVON to SEN3N | O 1 1 0 i¢) 0 
25 | DRVIN toSEN3N | O 1 1 0 (6) 1 
26 DRV2N to SEN3N 0 1 1 0 1 0 
27 DRV3N to SEN3N 0 1 1 0 1 1 
28 | DRV4N to SEN3N 0 1 1 1 e) 0 
29 | DRVS5N to SEN3N 0 1 1 1 0 1 
30 | DRVE6N to SEN3N 0 1 1 1 1 0 
31 DRV7N to SEN3N | O 1 1 1 1 1 
32 DRVON to SEN4N | 1 0 0 0 ie} 0 
33 DRV1N to SEN4N 1 0 0 0 (6) 1 
34 DRV2N to SEN4N 1 (¢) 0 i¢) 1 0 
35 DRV3N to SEN4N 1 i¢) ¢) 0 1 1 
36 DRVA4N to SEN4N 1 0 (8) 1 0 0 
37 DRVS5N to SEN4N 1 (6) 0 1 0 1 
38 DRVEN to SEN4N 1 (e) 0 1 1 0 
39 DRV7N to SEN4N 1 ie} 0 1 1 1 
40 DRVON to SEN5N 1 1 (6) 1 0 (6) 0 
41 DRV1N to SEN5N 1 0 1 0 0 1 
42 DRV2N to SEN5N 1 0 1 0 1 0 
43 DRV3N to SEN5N 1 0 1 (e) 1 1 
44 DRVA4N to SEN5N 1 0 1 1 fe) 0 
45 DRVS5BN to SEN5N 1 0 1 1 0 1 
46 DRVE6N to SENSN 1 0 1 1 1 0 
47 DRV7N to SEN5N 1 0 1 1 1 1 
48 DRVON to SEN6N 1 1 0 0 0 0 
49 DRV1N to SEN6N 1 1 0 0 ie} 1 
50 DRV2N to SEN6N 1 1 0 0 1 0 
51 DRV3N to SEN6N 1 1 0 0 1 1 
52 DRV4N to SEN6N 1 1 0 1 0 0 
53 DRVS5N to SEN6N 1 1 0 1 (6) 1 
54 DRVEN to SEN6N 1 1 0 1 1 0 
55 DRV7N to SEN6N 1 1 0 1 1 1 
DRVON to SENSN and SEN6N 1 1 1 0 0 0 
DRV1N to SENSN and SEN6N 1 1 1 (e) ie} 1 
DRV2N to SENSN and SEN6N 1 1 1 (¢) 1 0 
DRV3N to SEN5N and SEN6N 1 1 1 0 fi 1 
DRVAN to SENSN and SEN6N 1 1 1 1 e) ie) 
DRVS5N to SENSN and SEN6N 1 1 1 1 0 1 
DRVE6N to SENSN and SEN6N 1 1 1 1 1 0 
DRV7N to SENSN and SEN6N 1 1 1 1 1 1 
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Table 3 Pulse timing 


Se ; 
fosc = ; 
parameter symbol duration Rac fa p 455 kHz; 
osc = <, 
Flashed pulse width tp 4 x tose 
Modulation period tm 1 X tose 
Modulation LOW time tML 0,5 x tose 
Modulation HIGH time tMH 0,5 x tose 
Modulation pulse width tow 7tm + tMH 
Basic unit of pulse spacing ty [. T152x toee 
Word length for sub- 
system addresses 
1 ‘to: 7 tw 55296 x tosc 
8 to 20 tw 59904 x tose 
Pulse spacing for 
logic O 2X to 
logic 1 3X to 


OPERATION 


Keyboard 


In the standby mode all drivers DRVON - DRV6N are ‘on’ but are non-conducting due to their open 
drain configuration. When a key is pressed, a completed drain connection pulls down one or more of 
the sense lines to ground. Referring to Fig. 5, the power-up sequence for the IC commences as a key 
is pressed. The oscillator becomes active and then, following the debounce time (tpg), the output 
drivers become active successively. 


DEVELOPMENT DATA 


Within the first scan cycle the mode selection, subsystem address and the selected command are sensed 
and loaded into an internal data latch. 


Multiple keystroke protection 


Ina multiple keystroke sequence the command selected is always that of the first key to be sensed 
and the scan rate increases to speed detection of a key-release (Fig. 6). 


If more than one key is pressed at the same time, the output sequence is not changed. 
There are two restrictions caused by the special structure of the keyboard matrix: 


The keys switching directly to ground (codes 7, 15, 23, 31, 39, 47, 55, 63) are not completely 
covered by multiple keystroke protection. If one sense input is switched to ground, other keys on 
that sense line are ignored. 

The sense lines SEN5N and SEN6N are not protected against multiple keystrokes on the same 
driver line because this has been used to define codes 56 to 63. 
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Output sequence 


The output operation starts when the selected code has been detected. A burst of pulses, including the 
latched address and command codes, is generated at the output REMO for as long as the key is pressed. 
The format of the output pulse train is as shown in Figs 3 and 4. The operation is terminated by 
releasing the key, or by pressing more than one key at the same time. Once a sequence has been 
started, the transmitted words will always be completed after the key has been released. 


The toggle bits TO, T1 are incremented if the key is released for a minimum time tRE_ (Fig. 5). They 
remain unchanged in a multiple keystroke sequence. 
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Infrared remote control transmitter (low voltage) SAA3007 


RATINGS 
Limiting values in accordance with the Absolute Maximum Rating System (IEC 134) 


p-Seerere | symbot 


Supply voltage range Vpp = V20-10 
Input voltage range V| 
Output voltage range Vo 
Total power dissipation 
DIL package (SOT-146C1) Prot 
mini-pack (SO-20; SOT-163A) Prot 


Power dissipation 
matrix outputs DRVON to DRV6N Po 
remote data output REMO Po 


Operating ambient temperature range Tamb 


Storage temperature range 


HANDLING 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 


CHARACTERISTICS 
Vss = 0 V; Tamb = 0 to +70 °C; unless otherwise specified 


conditions 


pin 20 


parameter 


DEVELOPMENT DATA 


Supply voltage 
Supply current 


active fosc = 455 kHz; 
Vpp =3,0V 
Vop =4.5V 


Vpp = 6,0 V 


Supply current 
standby mode 


Tamb = 25 °C; 
Vpp =6,0V 


Oscillator frequency 
(ceramic resonator) 


Vpp = 2 to 6,5 V 
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CHARACTERISTICS (continued) 


Parameter 


conditions pi min. typ. max. unit 


Inputs SENON to SEN6N 


Input voltage LOW Vpp =2to6,5 V VI - -— |0,3x VpplV 
DD L 


Input voltage HIGH Vop =2to6,5 V VIH 07xVpp| - |- Vv 
Input current 
(P-channel! pull-up) ViIL=OV;Vpp=2V |-ly 10 — |100 HA 
ViL=OV; Vpp=6,5V |-l 100 — |600 uA 


Outputs DRVON to 
DRVEN (open drain) 


Output voltage “ON” 19 =0,25mMA;Vpp=2V\VoL | - ear O!S Vv 
lo =2,5mMA; Vpp=6.5VjVoL | -— — |0,6 Vv 

Output current “OFF” Vpp = 6,5 V lo 2 — |10 pA 

Input ADRM 

Input voltage LOW VIL | — — |04xVppiv 

Input voltage HIGH VIH 0,85xVpp} -— |- Vv 


Input current 


(switched P- and N- 
channel pull-up and 


pull-down) 
pull-up active | Vi=OV; Vpp=2V lit 10 — |100 HA 
V}=O0V;Vpp=6.5V |-liL | 100 — |600 HA | 
pull-down active Vi=Vpp: Vop =2 V NH 10 — |100 BA | 
Vi=OV; Vpp=6.5V jlIH 100 — |600 HA 
Output REMO 
Output voltage HIGH | -IQOH = 40 mA; 
Tamb = 25 °C; 
Vop=2V VOH | 08 - |- Vv 
Vpp = 6.5 V VOH | 5,0 - |- Vv 
—lOH = 100 mA; 
Tamb = 25 °C; 
Vop = 4 V Vou |1,5 sais toa V 
Vpp = 65 V VoH 1|4,5 Cathill a Vv 
-IOH = 0,5 mA; 
Vop=2V O08xVpp |] — |- Vv 
Output voltage LOW loL = 0,5 mA; 
Vpp=2V 
IOL = 2,0 mA; 


Vpp =6,5 V 
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parameter conditions 
—-+— 


Input OSCI 


Input current HIGH Vop=2V 
Vpop =65V WH 


Output OSCO 


Output voltage HIGH —lIQOH = 100 nA; 
Vpp=6,5V 
Output voltage LOW IOL = 100 pA; 
Vpp =6,5V 
DD 


DEVELOPMENT DATA 
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DEVELOPMENT DATA 
This data sheet contains advance information and SAA3008 


specifications are subject to change without notice, 


INFRARED REMOTE CONTROL TRANSMITTER 
(RECS 80 LOW VOLTAGE) 


GENERAL DESCRIPTION 


The SAA3008 transmitter IC is designed for infrared remote control systems. It has a capacity for 
1280 commands arranged in 20 sub-system address groups of 64 commands each. The subsystem 
address may be selected by press-button, slider switches or be hard-wired. 


Commands are transmitted in patterns which are pulse distance coded. Modulated pulse transmissions 
allow a narrow-band receiver to be used for improved noise rejection. The modulation frequency of 
the SAA3008 is 38 kHz which is 1/12 of the oscillator frequency of 455 kHz (typical). 


Features 

Modulated transmission 

Ceramic resonator controlled frequency 

Data-word-start with reference time of unique start pattern 
Supply voltage range 2 V to 6.5 V 

40 mA output current capability 

Very low standby current (< 4 vA at Vpp = 6 V) 

Up to 20 subsystem address groups 


up to 1280 commands 
Up to 64 commands per subsystem address 


Requires few additional components 


PACKAGE OUTLINES 


SAA3008P: 20-lead DIL; plastic (SOT146). 
SAA3008T: 20-lead mini-pack; plastic (S020; SOT163A). 
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2702 only 
g 1 12 for operation 
Sanh 050/, * 3V 
{FF ges 
subsyste: (] Enya: 
- em 5 7224374 
aa Peen eccton 100 pF i ie pF 
triple contact 
Fig.1 SAA3008 application example. 

PINNING 
1 REMO remote data output 
2 SEN6N 
3 SENSN 
4 SEN4N 
5 SEN3N sense inputs from key matrix 
6 SEN2N 
7 SENIN 
8 SENON 
9 ADRM address/mode control input 

1 

sncdion 0 Vss ground 2 Vv) 

11. OSCI oscillator input 

12 OSCO oscillator output 

13. DRVON 

14 DRV1N 

15 DRV2N 

16 DRV3N , drive outputs to key matrix 

17. DRV4N 

aaite 18 DRV5N 
19 DRV6N 
Fig.2 Pinning diagram. 20 Vpp positive supply voltage 
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FUNCTIONAL DESCRIPTION 


Key matrix (DRVON - DRV6N and SENON - SEN6N) 


The transmitter keyboard is arranged as a scanned matrix with seven driver outputs (DRVON to DRV6N) 
and seven sensing inputs (SENON to SEN6N) as shown in Fig.1. The driver outputs are open-drain 
n-channel transistors which are conductive in the stand-by mode. The sensing inputs enable the 
generation of 56 command codes. With two external diodes connected (or triple contact), as in Fig.1, 

all 64 commands are addressable. The sense lines have p-channel pull-up transistors, so that they are 
HIGH until pulled LOW by connecting them to an output via a key depression to initiate a code 
transmission. 

The maximum allowable value of contact series resistance for keyboard switches in the ON-state is 7 k&2. 


Address/mode input (ADRM) 


Subsystem addresses are defined by connecting one or two of the key matrix driver lines (DRVON to 
DRV6N) to the ADRM input. This allows up to 20 subsystem addresses to be generated for the REMO 
output (bits S3, S2, S1 and SO) as shown in Table 1 and Fig.3. 


The transmission mode is defined by the DRV6N to ADRM connection as follows: 


@ Mode 1 DRVEN not connected to ADRM 
@ Mode 2 DRVE6N connected to ADRM 


In Mode 1 the reference time REF equals 3To, this may be used as 2 reference time for the decoding 
sequence. In Mode 2 an additional! modulated pulse has been inserted into the middle of the reference 
time, therefore, these pulses are now separated by 1.5To. This unique start pattern START uses the 
detection of a beginning word (see Fig.3). 

When more than one connection is made to ADRM then all connections should be decoupled using 
diodes. 


The ADRM input has switched pull-up and pull-down loads. In the standby mode only pull-down load 

is active and ADRM input is held LOW (this condition is independent of the ADRM circuit configuration 
and minimizes power loss in the standby mode). When a key is pressed the transmitter becomes active 
(pull-down is switched OFF, pull-up is switched ON) and the driver line signals are sensed for the 
subsystem address coding. 


DEVELOPMENT DATA 


The subsystem address is sensed only within the first scan cycle, whereas the command code is sensed 
in every scan. The transmitted subsystem address remains unchanged if the subsystem address selection 
is changed while the command key is pressed. A change of the subsystem address does not start a 
transmission. 


In a multiple keystroke sequence (Fig.6) the second word B might be transmitted with subsystem 
address 18 or 19 instead of the preselected subsystem address (Table 1). This is only relevant for 
systems decoding subsystem address 18 or 19. 


Remote control signal output (REMO) 


The REMO output driver stage incorporates a bipolar emitter-follower which allows a high output 
current in the output active (HIGH) state (Fig.7). 

The information is defined by the distance ‘th’ between the leading edges of the modulated pulses 
(Fig.4). The distance tp is a multiple of the basic unit To (Table 3) which equals 1152 periods of the 
oscillator frequency fos¢ (Table 3). The pulses are modulated with 6 periods of 1/12 of the oscillator 
frequency (38 kHz). 

The format of the output data is illustrated in Figs 3 and 4. 

A data word starts with the reference time and toggle bit TO and is followed by the definition bits for 
the subsystem address $3, S2, $1 and SO (bit S3 is transmitted only for subsystem addresses 8 to 20). 
The selected command key is defined by bits F, E, D, C, B and A as shown in Table 2. 
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FUNCTIONAL DESCRIPTION (continued) 


The toggle bit TO acts as an indication for the decoder whether the next instruction should be 
considered as a new command or not. The codes for the subsystem address and the selected key are 
given in Table 3. 


— tw | 

H 

\e 
bit — START TO $3 $2 $1 so F E 12) c 8 A 7224376 
data —> = 1 oO i) is) b] 1 °o oO 1 te) ie) 


(b) Transmission with start-pattern and subsystem addresses 8 to 20. 


Where: 


Reference time 

start pattern TO toggle bit 

$3, $2,S1,SQ subsystem address 

A to F command bits 

tw word length 

binary values determined by pulse spacing 


Fig.3 Data format of remote control signal (REMO). 


[ae naene Ub nati tetinae peg aes 


REMO | | | | | | | | | | | | 
Lt sy 
= I= 
= IML 


—e— try 
7224377 


ee 


Fig.4 Waveform for one pulse period at REMO output; for timing values see Table 3. 


Oscillator (OSCI, OSCO) 


The external components for the oscillator circuit are connected to OSC! and OSCO. The oscillator 
Operates with a ceramic resonator in the frequency range 350 kHz to 500 kHz, as defined by the 
resonator. When operating at a supply voltage of below 3 V a 270 kHz resistor should be connected 
in parallel with the resonator. 
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Table 1 Definition of subsystem addresses 


address driver line(s) subsystem address 
number connected to ADRM $3 $2 $1 
1 no connection _ 1 1 1 
2 | DRVON 2 0 () 0) 
3 | DRV1IN = 0 ) 1 
4 | DRV2N - 0 1 0 
5 DRV3N - 0 1 1 
6 DRV4N - 1 0 0 
7 DRV5N | = 1 0) 1 
8 DRVON and DRV2N 0 0 0 0 
9 DRVON and DRV3N 1 0 0 10} 
10 | DRVON and DRV4N 0 1 0 0 
11 | DRVON and DRV5N | 1 1 0 0 
12 DRV1N and DRV2N (0) ie} 0 1 
13 DRV1N and DRV3N 1 0 0 1 
14 DRV1N and DRV4N 0 1 0 1 
15 DRV1N and DRV5N | 1 1 0 1 
16 DRV2N and DRV3N 1 (e) 1 0 
< 17 DRV2N and DRV4N | 0 1 1 0 
E 18 DRV2N and DRVSN 1 1 1 0) 
ia) 19 DRV3N and DRV4N 0 1 1 1 
5 | 20 DRV3N and DRV5N 1 1 1 1 
= 
5 Table 2 Definition of command codes 
=F 2 
$ key drive-to-sense command code generated 
ra] pressed | L connection made | F EE D Cc B A 
| 0 DRVON to SENON | 0 i¢) (0) 0 0 0 
1 DRV1N to SENON | 0 (¢) (¢) 0 0 1 
2 DRV2N to SENON | 0 0 0 0 1 0 
3 DRV3N to SENON 0 0 0 0 1 1 
4 DRVA4N to SENON 0 0 0 1 0 0 
5 DRVSN to SENON 0 0 0 1 ie) 1 
6 DRVEN to SENON 0 0 0 1 1 0 
7 DRV7N to SENON 0 0 0) 1 1 1 
8 DRVON to SENIN 0 0 1 0 (e) ie} 
9 DRV1N to SENIN 0 0 1 0 0 1 
10 DRV2N to SENIN 0 0 1 0 1 0 
11 DRV3N to SENIN 0 0 1 0 1 1 
12 DRVAN to SENIN 0 0 1 1 0 0 
13 DRVS5N to SENIN 0 0 1 1 ie} 1 
14 DRVEN to SENIN 0 0 1 1 1 0 
15 DRV7N to SENIN 0 0 1 1 | 1 
16 DRVON to SEN2N 0 1 0 0 0 0 
17 DRV1N to SEN2N 0 1 0 0 0 1 
18 DRV2N to SEN2N 0 1 0 ie} 1 0 
19 DRV3N to SEN2N 0 1 0 ie) 1 1 
0 1 0 1 0 ie} 


20 DRVAN to SEN2N 
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Table 2 Definition of command codes (continued) 


key drive-to-sense ail command code generated 
pressed connection made E E D Cc B A 
| 21 | DRVS5N to SEN2N | O 1 0 1 ie) 1 

22 DRVEN to SEN2N fe) 1 0 1 1 0 

23 DRV7N to SEN2N 0 1 0 1 1 1 

24 DRVON to SEN3N 0 1 1 0 (0) 0 

25 DRV1N to SEN3N 0 1 1 0 0 1 

26 DRV2N to SEN3N 0 1 1 0 1 0 

27 DRV3N to SEN3N 0 1 1 fe) 1 1 

28 DRVA4N to SEN3N i¢) 1 1 1 te) 0 

29 | DRVS5N to SEN3N ie) 1 1 1 0 1 

30 DRVEN to SEN3N ; O 1 1 1 1 0 

31 | DRV7N to SEN3N | O 1 1 1 1 1 

32 | DRVON to SEN4N le 0 (0) 0 e) 0 

33 | DRV1N to SEN4N bea 0 0 0) (e) 1 

34 | DRV2N to SEN4N 4 0 0 (6) 1 te) 

35 DRV3N to SEN4N 1 0 0 0 1 1 | 

36 | DRV4N to SEN4N i 4 0 0 1 fe) 0 | 

37 | DRVS5N to SEN4N | 0 0 1 0) 1 

38 DRVEN to SEN4N 1 0 0 1 1 0) | 

39 DRV7N to SEN4N 1 (e) 0 1 1 1 | 

40 | DRVON to SEN5N a | (e) 1 0 0 0 

41 DRV1N to SEN5N ata 0 1 0 0 1 | 

42 DRV2N to SENSN 1 ) 1 0) 1 0) | 

43 | DRV3N to SENSN 1 0 1 0 1 1 

44 DRV4N to SEN5N 1 0 1 1 ie) 0 | 

45 | DRV5N to SENSN 1 (0) 1 1 0 1 | 

46 DRVEN to SEN5N 1 0 1 1 1 0 

47 DRV7N to SEN5N 1 ie) 1 1 1 1 

48 | DRVON to SEN6N 1 1 0 0 0 0 | 

49 DRV1N to SEN6N 1 1 0 0 0 1 

50 DRV2N to SEN6N 1 1 0 0 1 0 | 

51 | DRV3N to SEN6N 1 1 0 (¢) 1 1 | 

52 | DRV4N to SEN6N 1 1 0 1 0 ie) 

53 DRVS5N to SEN6N | 1 0 1 (e) 1 

54 | DRV6N to SEN6N 1 1 0 1 1 ie) 

55 ORV7N to SEN6N 1 1 0 1 1 1 

56 DRVON to SEN5N and SEN6N 1 1 1 0 0 0 

57 DRV1N to SENSN and SEN6N 1 1 1 0 0 1 

58 DRV2N to SENSN and SEN6N 1 1 1 0 1 0 

59 DRV3N to SENSN and SEN6N 1 1 1 0 1 1 

60 DRVA4N to SEN5N and SEN6N 1 1 1 1 0 0 
DRVS5N to SENSN and SEN6N 1 1 1 1 0 1 
DRVEN to SENS5N and SEN6N 1 1 1 1 1 0) 
DRV7N to SENSN and SEN6N 1 1 1 1 1 1 
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Table 3 Pulse timing 


ve _— 
pow: symbol duration duration st fosc “268.002; 
| tose = 2.2 us 
| Seen ee oe 
Modulation period tm 12tose 
Modulation LOW time tML | Btose 
Modulation HIGH time tMH | 4tose 8.8 us 
| 
Modulation pulse width tpw 5tm + tMH 140.8 us 
Basic unit of pulse spacing to 1152tos¢ 2.53 ms 
Word length for subsystem 
addresses 
Oto7 tw 55296tosc 121.44 ms 
8 to 20 59904tos¢ 132.56 ms 
| 
Pulse separation for 
logic O 5.06 ms 
logic 1 th 3to 7.59 ms 
< reference time th 3to | 7.59 ms 
E toggle bit th 2to 5.06 ms 
e 3to 7.59 ms 
é Start pattern th 2x 1.5tg 2 x 3.79 ms 
s - B4 1S bite EE 
a 
° OPERATION 
w 
a Keyboard 
fa) 


In the standby mode all drivers DRVON-DRVE6N are ON but are non-conducting due to their open 

drain configuration. When a key is pressed, a completed drain connection pulls down one or more of 

the sense lines to ground. Referring to Fig.5, the power-up sequence for the IC commences as a key 

is pressed. The oscillator becomes active and then, following the debounce time (tpg), the output 
drivers become active successively. 

Within the first scan cycle the transmission mode, subsystem address and the selected command code 
are sensed and loaded into an internal data latch. In a multiple keystroke sequence (Fig.6) the command 
code is always altered according to the sensed key. 


Multiple keystroke protection 


The keyborad is protected against multiple keystrokes. If more than one key is pressed the circuit will 
not generate a new REMO sequence (Fig.6). 
In a multiple keystroke sequence the scan repetition rate is increased to detect the release of the key 


as soon as possible. 

There are two restrictions caused by the special structure of the keyboard matrix: 

@ The keys switching directly to ground (codes 7, 15, 23, 31, 39, 47, 55, 63) are not completely 
covered by multiple keystroke protection. If one sense input is switched to ground, other keys on 
that sense line are ignored. 


@ The sense lines SEN5N and SENE6N are not protected against multiple keystrokes on the same driver 
line because this has been used to define codes 56 to 63. 
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OPERATION (continued) 


Output sequence 


The output operation starts when the code of the selected key has been loaded into the internal 
command register. A burst of pulses, including the latched address and command codes, is generated 
at the output REMO for as long as the key is pressed. The format of the output pulse train is as 
shown in Figs 3 and 4. The operation is terminated by releasing the key, or by pressing more than 
one key at the same time. Once a sequence has been started, the transmitted words will always be 
completed after the key has been released. 


The toggle bit TO is incremented if the key is released for a minimum time tREL (Fig.5). In a multiple 
keystroke sequence the toggle bit remains unchanged. 
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Infrared remote control transmitter (RECS 80 low voltage) SAA3008 


RATINGS 
Limiting values in accordance with the Absolute Maximum Rating System (IEC 134) 


parameter ok : eS | conditions ‘ symbol 
Supply voltage range | Vop 
Input voltage range } Vv) —0.3 
Output voltage range Vo —0.3 
Total power dissipation 
DIL package (SOT 146) Ptot - 
mini-pack (SO20; SOT 163A) Prot ~ 
Power dissipation | 
matrix outputs DRVON to DRV6N Po 
remote data output REMO 


Operating ambient temperature range 
Storage temperature range 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘Handling 
MOS Devices’). 


CHARACTERISTICS 
Vss = 0 V; Tamb = 0 to + 70 OC; unless otherwise specified 


DEVELOPMENT DATA 


[ parameter conditions 
| suaniy voltage 
Supply current active fosc = 455 kHz; 
Vop=3V 
Vpp =4.5V 
Vpop=6V 
Standby mode Tamb = 25 °C; 


Vpp =6 V 


Oscillator frequency 
(ceramic resonator) Vpp = 2 to6.5 V 


Inputs SENON to SEN6N 
Input voltage LOW Vpp =2to6.5V 
Input voltage HIGH Vpp = 2 to6.5V 


Input current 
(p-channel pull-up) ViL=OV 
Vpop=2V 
Vpp =6.5 V 
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pie ha cal) (continued) 


bara conditions symbol min. | 9. max. unit 
Outputs DRVON to | 
DRVE6N (open drain 1) 
Output voltage ON Io = 0.25 mA; 
Vpp=2V VOL - - 0.3 Vv 
1 
lo = 2.5 mA; 
Vpp = 6.5 V VOL - - 0.6 Vv 
Output current OFF Vpp=6.5V lo - _ 10 pA 
Input ADRM 
Input voltage LOW VIL - - 0.4Vpp | V 
Input voltage HIGH VIH 0.85Vpp | — - Vv 
Input current | 
(switched p and n 
channel pull-up and 
pull-down) 
pull-up active Vjp=OV 
Vpop=2V mie —10 - —100 yA 
Vpp =6.5 V lic —100 = —600 yA 
pull-down active Vi=Vppb 
Vpp=2V / UH 10 - 100 BA 
Vpp =6.5V NH 100 - 600 pA 
| 
Output REMO | 
Output voltage HIGH =| IoH = —40 mA; 
Tamb = 25 °C | 
Vpp=2V VOH 0.8 - - Vv 
| Vpp =6.5V VOH 5.0 - - Vv } 
10H = 0.5 mA; 
Vpp=2V VOH 08Vpp | - - Vv | 
Output voltage LOW lo = 0.5 mA; j 
| Vpp=2V VOL - - 0.4 Vv 
| IOL = 2.0 mA; 
Vpp=6.5V VOL - = 0.4 Vv 
Input OSCI 
Input current HIGH Vpp=6.5V 
Output OSCO 


Output voltage HIGH 1QH = 100 pA; 
Vpp = 6.5 V 
Output voltage LOW IoL = 100 nA; 


Vpp =6.5V 
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Infrared remote control transmitter (RECS 80 low voltage) SAA3008 


REMO 


Yoo 


7224378 


Fig.7 REMO output stage. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 


SAA3009 
SAA3049 


specifications are subject to change without notice, 


INFRARED REMOTE CONTROL DECODERS 


GENERAL DESCRIPTION 


The main function of the SAA3009 and SAA3049 ICs is to check and convert the received coded data 
(RECS80/RC5) into latched binary outputs. The device address can be hard-wired for a particular address 
allowing several devices in one location. Alternatively, received data with any address can be accepted, 
the received data and address are then outputs. - 


Features 
@ Decodes 64 remote control commands with a maximum of 32 subaddresses 


@ Accepts RECS80 codes with pulse position modulation (SAA3004, SAA3007, SAA3008) 
or RC5 codes with biphase transmission (SAA3006, SAA3010) 


@ Available at SAA3009 with 8 high current (10 mA) open-drain outputs and internal pull-ups for 
direct LED drive via resistors or as SAA3049 for low supply current applications 


@ Adding circuitry for binary decoding allows a maximum of 2048 commands to be used, for example 
1-of-16 decoder (HEF 4515) 


QUICK REFERENCE DATA 


conditions 


parameter 


Supply voltage 
SAA3009 note 1 


SAA3049 note 2 
Supply current 

SAA3009 note 1 

SAA3049 note 2 


Oscillator frequency 


Output sink current LOW 
(pins 1 to 8) 

SAA3009 
SAA3049 


Notes to the QUICK REFERENCE DATA 


1. Tamb = 0 to + 70 °C. 

2. Tamb = —40 to + 85 °C. 

3. Open-drain with 20 to 50 kQ internal pull-up resistor. 

4. Open-drain without internal pull-up resistor at Voc = 5 V + 10%; Vo = 0.4 V. 


PACKAGE OUTLINES 


SAA3009P; SAA3049P: 20 lead DIL; plastic (SOT 146). 
SAA3049T: 20 lead mini-pack; plastic (S020; SOT 163A). 
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SAA3009 
SAA3049 


Veatt +5V Yoo © ome acknowledge 
CA 


bits 


REMOTE 
CONTROL 
TRANSMITTER 


REMOTE 
CONTROL 
DECODER 


mim! OLOl aI > 


data 
COW89A 
SAA3007 
SAA3008 IR PREAMPLIFIER SAA3009 
oe 
or _— or 
TDA3048 SAA3049 To toggle 
SAA3010 
AO (SO) 
Al (81) 
Ae (S2) address 
A3 (S3) 
rv 
F * 4 MHz 7. 7 
Fig.1 System diagram. fad 


TRANSMITTERS (see individual data sheets for full specifications) 

SAA3004 Vgatt= 4 to 11 V (max.); 7x 64= 448 commands (RECS80 code) 
SAA3007_ Vgazt = 2 to. 6.5 V (max.); 20 x 64 = 1280 commands (RECS80 code) 
SAA3008  Vgatt = 2 to 6.5 V (max.); 20 x 64 = 1280 commands (RECS80 code) 
SAA3006 Vgatt = 2 to 7.0 V (max.); 32 x 64 = 2048 commands (RC5 code) 
SAA3010  Vgatt = 2 to 7.0 V (max.); 32 x 64 = 2048 commands (RC5 code) 
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DEVELOPMENT DATA 


Infrared remote control decoders 


RATINGS 


SAA3009 
SAA3049 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter 


symbol 


Supply voltage 
SAA3009 
SAA3049 


Input voltage (any pin) 
SAA3009 
SAA3049 


DC input/output current 
SAA3009 (pins 1 to 8) 
SAA3009 (all other pins) 
SAA3049 (any pin) 


Total power dissipation 
SAA3009 
SAA3049 


Operating ambient temperature range 
SAA3009 
SAA3049 


Storage temperature range 
SAA3009 
SAA3049 
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SAA3009 
SAA3049 


CHARACTERISTICS 
All voltages measured with respect to ground (Veg = 0 V). 


SAA3009: Vcc = 4.5 to 5.5 V; Tamb = 0 to + 70 OC unless otherwise specified 
SAA3049: Vec = 2.5 to 5.5 V; Tamb = —40 to + 85 unless otherwise specified 


640 


Crystal oscillator 


Oscillator frequency 


> 


Parameter conditions 
Supply voltage 
SAA3009 
SAA3049 
Supply current 
SAA3009 lec - 70 mA 
SAA3049 lec - 0.8 2.0 mA 
Input signals (pin 9) 
Input voltage HIGH 
SAA3009 Vin 2.0 ~ Vec+0.5 | Vv 
SAA3049 | Vin 0.7 Vcc _ Vec Vv 
Input voltage LOW active | 
SAA3009 | VIL 0.5 0.8 Vv 
SAA3049 VIL 0 0.3 Vcc Vv 
} 
Mode selection (pin 11) | 
Input voltage HIGH note 1 
SAA3009 Vin 2.0 - Vec+0.5 | Vv 
SAA3049 Vin 0.7 Vcc _ Vcc Vv 
Input voltage LOW note 2 | 
SAA3009 VIL —0.5 - 0.8 Vv } 
SAA3049 Vib ) - 0.3 Vcc vo 
Command received indicator 
and mode control (pin 19) 
Input voltage HIGH 
SAA3009 - Vec+0.5 | V 
SAA3049 - Vcc Vv 
Input voltage LOW 
SAA3009 ~ 1:5 Vv 
SAA3049 - 0.3Vcc Vv 
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Infrared remote control decoders 


SAA3049 
—s 
parameter conditions symbol min. typ. | max. | unit | 
SAA3009 OUTPUTS 


10 mA open-drain with 
internal pull-up resistor 


(pins 1 to 8) 

Output voltage HIGH 1QOH = —50 HA VOH 2.4 - Vcc Vv 
Output voltage LOW lot = 10 mA VoL - = 1.0 Vv 
Output sink current LOW loL - - 10 mA 


5 mA open-drain without 
internal pull-up resistor 


(pins 18 and 19) 


Output voltage HIGH VOH —_ - Vec Vv 
Output voltage LOW loL=5mA VOL - = 0.45 Vv 
Output sink current LOW lot = = 5 mA 
1.6 mA open-drain with 
< internal pull-up resistor 
A (pins 15, 16 and 17) 
= Output voltage HIGH VOH = = Vec Vv 
S | Output voltage LOW IoL = 1.6mA VoL = = 045 |v 
5 Output sink current LOW lot = = 1.6 mA 
Ww 
a SAA3049 OUTPUTS 
8 Open-drain without 
internal pull-up resistor note 5 
Output sink current LOW Vcc = 5 V = 10%; 
VoL=0.4V lot 1.6 3.0 - mA 


Notes to the characteristics 

. RECS80 decoder for transmitters SAA3004, SAA3007 or SAA3008; SAA3009 has an internal 
pull-up resistor. 

. RC5 decoder for transmitters SAA3006 ot SAA3010. 

. With pin 19 = HIGH, then pins 7, 8, 15, 16 and 17 are address inputs. 
With pin 19 = LOW, then pins 7, 8, 15, 16 and 17 are 4 or 5 address received outputs. 


In Figs 4, 5 and 6 this HIGH/LOW switching is dependent on whether the transistor on pin 19 is fed 
via a series resistor or not. In both applications pin 19, which toggles several times (see Fig.3) while 
a valid command is acknowledged, can be used to activate (flash) an LED indicator. 


— 


WN 


4. A quartz crystal with a frequency of 4 MHz is recommended for the standard transmitter application. 
4. Application as output requires connection of an external pull-up resistor. 
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SAA3009 
SAA3049 


CHARACTERISTICS (continued) 
Reset (pin 14) 


The simple circuit is shown in Figs 4, 5 and 6. The alternative reset circuit shown in Fig.2 protects 
against short term power supply transients by generating a reset. 


Veco 


SAA3009 
or 
SAA3049 


zener diode 
3.6V 


| 
4148 
68 kQ 
(SAA3049 only) 
a 7221787 


Fig.2 Proposed improved reset circuit. 


Infrared signal input (pin 9) 


This pin is sensitive to a negative-going edge. 


Command received indicator (pin 19) 


signal at pin 19 


=a} | eerie 


= 120 ms 7221785 


Fig.3 Output diagram of command acknowledge. 
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SAA3010 


INFRARED REMOTE CONTROL TRANSMITTER RC-5 


GENERAL DESCRIPTION 


The SAA3010 is intended as a general purpose (RC-5) infrared remote control system for use where 

a low voltage supply and a large debounce time are expected. The device can generate 2048 different 
commands and utilizes a keyboard with a single pole switch for each key. The commands are arranged 
so that 32 systems can be addressed, each system containing 64 different commands. The keyboard 
interconnection is illustrated by Fig.3. 


The circuit response to legal (one key pressed at a time) and illegal (more than one key pressed at a 
time) keyboard operation is specified in the section “KEYBOARD OPERATION”. 


Features 


@ Low voltage requirement 

@ Biphase transmission technique 
@ Single pin oscillator 

@ Test mode facility 


QUICK REFERENCE DATA 


parameter 


Supply voltage range 
Input voltage range” 
Input current 

Output voltage range* 
Output current 


Operating ambient temperature range 


* Vppt0.5 V must not exceed 9 V. 


The use of this device must conform with the Philips Standard number URT-0421. 


PACKAGE OUTLINES 


28-lead DIL plastic; (SOT 117). 
28-lead mini-pack; plastic (S028; SOT 136A). 
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21 
z0 
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xs 
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KEYBOARD 
ENCODER 


OUTPUT 


DATA 


MDATA 


SAA3010 


MASTER 
RESET 
GENERATOR 
DECODER 
CONTROL 
UNIT 


COMMAND 
AND 
SYSTEM 
ADDRESS 
LATCH 


PARALLEL 
TO SERIAL 
CONVERTER 


Fig.1 Block diagram. 
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KEYBOARD 
ORIVER 
DECODER 


7224488 


DRO 
OR1 
OR2 
DR3 
DR4 
ORS 
OR6 
OR7 


Infrared remote control transmitter RC-5 SAA301 0 


PINNING 


pin mnemonic function 
1 | X7 (IPU) sense input from key matrix 


2 SSM (1) system mode selection input 


3-6 | Z0-Z3 (IPU) sense inputs from key matrix 


7 MDATA (OP3) generated output data modulated with 
1/12 the oscillator frequency at a 
25% duty factor 


8 DATA (OP3) generated output information 
9-13 | DR7-DR3 (ODN)|_ scan drivers 
14 Vss ground (0 V) 
15-17 | DR2-DRO(ODN)| scan drivers 
18 OSC (1) oscillator input 
19 TP2 (I) test point 2 
TP1 (1) test point 1 


X0-X6 (IPU) sense inputs from key matrix 


Vpp (1) voltage supply 


(1) = input 

(IPU) = input with p-channel pull-up transistor 

(ODN) = output with open drain n-channel transistor 7224483 
(OP3) = output 3-state Fig.2 Pinning diagram. 
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SAAI010 


7224489 


DATA MDATA SSM~ TP1 TP2 osc 


Fig.3 Keyboard interconnection. 
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Infrared remote control transmitter RC-5 SAA3010 


FUNCTIONAL DESCRIPTION 


Keyboard operation 


Every connection of one X-input and one DR-output will be recognized as a legal key operation and 
will cause the device to generate the corresponding code. The same applies to every connection of 
one Z-input to one DR-output with the proviso that SSM must be LOW. When SSM is HIGH a wired 
connection must exist between a Z-input and a DR-output. If no connection is present the system 
number will not be generated. Activating two or more X-inputs, Z-inputs or Z-inputs and X-inputs at 
the same time is an illegal action and inhibits further activity (oscillator will not start). 

When one X- or Z-input is connected to more than one DR-output, the last scan signal will be 
considered as legal. 


The maximum value of the contact series resistance of the switched keyboard is 7 kQ. 


Inputs 

In the quiescent state the command inputs XO to X7 are held HIGH by an internal pull-up transistor. 
When the system mode selection (SSM) input is LOW and the system is quiescent, the system inputs 
ZO to Z3 are also held HIGH by an internal pull-up transistor. When SSM is HIGH the pull-up 
transistor for the Z-inputs is switched off, in order to prevent current flow, and a wired connection 
in the Z-DR matrix provides the system number. 


Outputs 

The output signal DATA transmits the generated information in accordance with the format 
illustrated by Fig.4 and Tables 1 and 2. The code is transmitted using a biphase technique as 
illustrated by Fig.5. The code consists of four parts: 

e Start part — 1.5 bits (2 x logic 1) 

® Control part — 1 bit 

© System part — 5 bits 

@ Command part — 6 bits 

The output signal MDATA transmits the generated information modulated by 1/12 of the oscillator 
frequency with a 50% duty factor. 

In the quiescent state both DATA and MDATA are non-conducting (3-state outputs). 

The scan driver outputs DRO to DR7 are open drain n-channel transistors and conduct when the 
circuit is quiescent. After a legal key operation the scanning cycle is started and the outputs switched 
to the conductive state one by one. The DR-outputs were switched off at the end of the preceding 
debounce cycle. 
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FUNCTIONAL DESCRIPTION (continued) 


ONE CODE 


MSB LSB MSB LSB 


a 


a a 
debounce scan start 
time time bits 
(16 bit-times) 


system bits command bits 


start control 
bit 


TWO SUCCESSIVE CODES 


Ist. code 2nd. code 


7Z24484 
start 


Where: debounce time + scan time = 18 bit-times 
repetition time = 4 x 16 bit-times 


Fig.4 Data output format. 


logic 1 logic 0 


7224485 


Where: 1 bit-time = 3.2® x Tosc¢ = 1.778 ms (typ.) 


Fig.5 Biphase transmission technique. 
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Table 1 Command matrix (X-DR) 


rm) 

a 
= 
a 
(a) 


X-lines 


code 
no. 


Or O-O-OK-O0r- Or Or Or Or Or Or 0Or- Or Or OK or 
COK--0COK- HK OOK K OOK KF OOK K-OOK-K OOF Kr OOK ek 
COCCOOKF-KK HK O00 OK KKK OOOCOKF KK Kr OOOOK- Ke eK 
SCOCCOCKCOCOOK KK KK Ke KK OOOO DOOORK-K— Ree eee 
SSCOCOOCOCDDD OOOO OOOK KR RP eee eee eee eee 
SSCCOCOOC OOO OOOO OCDOOOCC OOO OOOO COOC)O 


6 
©o 
wo 
v 
o 
N 
— 
i>) 


01234567 


Or NMOTNONOAD 
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FUNCTIONAL DESCRIPTION (continued) 


Table 1 Command matrix (X-DR) (continued) 


Oo-Or Or Or Or oronr 


oo 


--O0OrrO00Orr OO 


oo0oO0ORKrKrrkr K- OOCOCOrK ke 
oO o0 00 3100 3. sere 


—e= 


- 
ocooo0o0o0o0o0o0c00o000 
- 


weer emer rer ere ee 


fo) 


= 


= 
oO 
=- 


LOU a t:4 


X-lines 


01234567 


01234567 
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Table 2 System matrix (Z-DR) 


Or-O-Or-O0-O0r-0-0Or- 0O- OrOr- Or Or Or Or Or or 
COr-H- COOK HK OOK HK OOF K- OOK-K-OOK~rOOK-rOOre 
SCCCOK-K KK O0O0OOK- KrF K- OO0OOK-K KK OOOOK- eee 
SCCOCOCCOOK KKK eK Ke HK OOOO CCOOOKK- eee eee 
cooeCoOoO COCO OAOCOOOoOKKe- 


system bits 
4*3'2°1-0 


el od 


01234567 


01234567 


Z-lines 


syst. 


‘fe SCHKHNMTNORDAMDOKAMTNWOORDADRDOKANAMNTNON 
€ Ter RP RP RP RP KE RK KK NNNANNNNS 
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FUNCTIONAL DESCRIPTION (continued) 


Combined system mode (SSM is LOW) 


The X and Z sense inputs have p-channel pull-up transistors, so that they are HIGH, until pulled LOW 
by connecting them to an output as the result of a key operation. Legal operation of a key in the 
X-DR or Z-DR matrix will start the debounce cycle, once key contact has been established for 

18 bit-times without interruption, the oscillator enable signal is latched and the key may be released. 
An interruption within the 18 bit-time period resets the device. 


At the end of the debounce cycle the DR-outputs are switched off and two scan cycles are started, 
that switch on the DR-lines one by one. When a Z- or X-input senses a low level, a latch enable signal 
is fed to the system (Z-input) or command (X-input) latches. 


After latching a system number the device will generate the last command (i.e. all command bits 

logic 1) in the chosen system for as long as the key is operated. Latching of a command number causes 
the chip to generate this command together with the system number memorized in the system latch. 
Releasing the key will reset the device if no data is to be transmitted at the time. Once transmission 
has started the code will complete to the end. 


Single system mode (SSM is HIGH) 


In the single system mode, the X-inputs will be HIGH as in the combined system mode. The Z-inputs 
will be disabled by having their pull-up transistors switched off; a wired connection in the Z-DR matrix 
provides the system code. Only legal key operation in the X-DR matrix will start the debounce cycle, 
once key contact has been established for 18 bit-times without interruption the oscillator enable signal 
is latched and the key may be released. An interruption within the 18 bit-time period resets the 
internal action. 


At the end of the debounce cycle the pull-up transistors in the X-lines are switched off and those in 
the Z-lines are switched on for the first scan cycle. The wired connection in the Z-matrix is then 
translated into a system number and memorized in the system latch. At the end of the first scan cycle 
the pull-up transistors in the Z-lines are switched off and the inputs are disabled again; the pull-up 
transistors in the X-lines are switched on. The second scan cycle produces the command number 
which, after being latched, is transmitted together with the system number. 


Key release detection 

An extra contro! bit is added which will be complemented after key release; this indicates to the 
decoder that the next code is a new command. This is important in the case where more digits need to 
be entered (channel numbers of Teletext or Viewdata pages). The control bit will only be 
complemented after the completion of at least one code transmission. The scan cycles are repeated 
before every code transmission, so that even with ‘‘take over’’ of key operation during code 
transmission the right system and command numbers are generated. 


Reset action 
The device will be reset immediately a key is released during: 


@ debounce time 
@ between two codes. 


When a key is released during matrix scanning, a reset will occur if: 


© a key is released while one of the driver outputs is in the low ohmic state (logic 0) 
© a key is released before that key has been detected 
@ there is no wired connection in the Z-DR matrix when SSM is HIGH. 
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Oscillator 


The OSC is the input/output for a 1-pin oscillator. The oscillator is formed by a ceramic resonator, 
TOKO CRK429, order code, 2422 540 98069 or equivalent. A resistor of 6.8 kQ must be placed 
in series with the resonator. The resistor and resonator are grounded at one side. 


Test 


Initialization of the circuit is performed when TP1, TP2 and OSC are HIGH. All internal nodes are 
defined except for the LATCH. The latch is defined when a scan cycle is started by pulling down an 
X- or Z-input while the oscillator is running. 


If the debounce cycle has been completed, the scan cycle can be completed 3 x 2° faster, by setting 
TP1 HIGH. 


If the scan cycle has been completed, the contents of the latch can be read 3 x 2’ faster by setting 
TP2 HIGH. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum Rating System (IEC 134) 


Supply voltage range Vop —0.5 Vv 
Input voltage range * Vi —0.5 Vv 
Output voltage range * Vo ; —0.5 Vppto.5 Vv 
Input current | — +10 mA 
Output current lo = +10 mA 
Maximum power dissipation | 

OSC output | Po - 50 mW 

other outputs | Po - 100 mW 
Total power dissipation Prot - 200 mW 
Operating ambient temperature range | Tamb —25 +85 o¢ 
Storage temperature range T stg —55 + 150 To} 

= | 


* Vppt0.5 V must not exceed 9.0 V. 


HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling, however, to be 
totally safe it is desirable to take normal precautions appropriate to handling MOS devices (see 
“Handling MOS Devices”). 
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DC CHARACTERISTICS 
Tamb = —25 °C to + 70 °C; Vpp = 2.0 to 7.0 V unless otherwise specified 


Supply voltage 
Quiescent supply note 1 
current Tamb = 25 °C; 
1Q =O mA at all outputs. 
XO to X7 and ZO to Z3 at 
Yop 
TP1, TP2, OSC at Vss 
SSM at Vss or Vpp Ipp - 
INPUTS | | 
Keyboard inputs X | | 
and Z with | 
p-channel pull-up } 
transistor 
Input current at Vv, =OV; | 
each input TP1 = TP2 = SSM = LOW -l; 10 600 uA 
Input voltage HIGH note 2 ViH 0.7Vpp Vppb Vv 
Input voltage LOW note 2 | VIL 0) 0.3Vpp | V 
Input leakage Tamb = 25°C; Vj=7V; | 
current TP1 = TP2 = HIGH Iu) = 1 LA 
Input leakage Tamb = 25 °C; Vj = OV; 
current TP1 = TP2 = HIGH -ILI - 1 uA 
| OSC 
Input leakage Tamb = 25 °C; Vj = OV; 
current TP1 = TP2 = HIGH —IL| - uA 
Input current Tamb = 25 °C; Vi = Vpp losc 4.5 uA 
SSM, TP1, TP2 
Input voltage HIGH ViH Vv 
Input voltage LOW 
Input leakage current | Tamb = 25 °C; Vj = 7.0 V 


Input leakage current | Tamb = 25 °C; V) = 0 V 
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DC CHARACTERISTICS (continued) 


fowonewr [eons amber [min [we [moe [ont 


OUTPUTS 

DATA, MDATA 

Output voltage HIGH | Io = —0.4 mA 
Output voltage LOW | Io, = 0.6 mA 


Output leakage 
current Vo=7.0V 


Vo = 7.0 V; Tamb = 25 °C 
Vo=0V 
Vo = 0 V; Tamb = 25 °C 


DRO to DR7 
Output voltage LOW | Io, =0.3mA 


Output leakage 
current Vo =7.0V 
Vo = 7.0 V; Tamb = 25 °C 


Notes to the DC characteristics 


1. Quiescent supply current measurement must be preceded by the initialization procedure described 
in the TEST section. 


2. This DC test condition protects the AC performance of the output. The DC current requirements 
in the actual application are lower. 
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SAA3010 


AC CHARACTERISTICS 


Tamb = —25 to + 85 °C; Vpp = 2.0 to 7.0 V unless otherwise stated 


Oscillator frequency CL = 160 pF; 
Figs 6 and 7 
operational 


free-running 


DATA 


Yss 


TP1 TP2 Vg 7224486 


Fig.6 Test set-up for maximum fosc 
measurement. 


normalized 
frequency 
(kHz) 


oO 
i 80 160 240 320 400 
Cy (pF) 


Fig.7 Typical normalized frequency as a 
function of keyboard load capacitance. 


| June 1989 


661 


DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice, 


INFRARED REMOTE CONTROL TRANSCODER (RC-5) 


GENERAL DESCRIPTION 


The SAA3028 is intended for use in general purpose (RC-5) remote control systems. The main function 
of this integrated circuit is to convert RC-5 biphase coded signals into equivalent binary values. Two 
input circuits are available: one for RC-5 coded signals only; the other is selectable to accept (1) RC-5 
coded signals only, or (2) RC-5 (extended) coded signals only. The input used is that at which an 

active code is first detected. Coded signals not in RC-5/RC-5(ext) format are rejected. Data input and 
output is by serial transfer, the output interface being compatible for |? C bus operation. 


Features 

Converts RC-5 or RC-5(ext) biphase coded signals into binary equivalents 

Two data inputs, one fixed (RC-5), one selectable (RC-5/RC-5(ext)) 

Rejects all codes not in RC-5/RC-5(ext) format 

1? C output interface capability 

Power-off facility 

Master/slave addressable for multi-transmitter/receiver applications in RC-5(ext) mode 


Power-on-reset for defined start-up 


QUICK REFERENCE DATA 


Supply voltage range Vop 4,5 to 5,5 V 
Supply current (quiescent) at 

Vop = 5,5 V; Tamb = 25 °C Ipp max. 200 vA 
Operating ambient temperature range Tamb —25 to +85 °C 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT 382). 
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SAA3028 


RCS DAV 


CONTROL 
CIRCUIT 


ia | INPUT es 
DETECTOR 


DATA 1 


DATA2 


POWER -ON 
RESET 


Yop Yss MAO MAI MA2 


Fig. 1 Block diagram. 


PINNING 
1 DAV 
2 MAO 
3 MA1 
4 MA2 
5 RC5 

SAA3028 6 OSC! 

zs OSCO 
8 Vss 
9 SCL 

10 SDA 


7287353 


| 
| 


osc! osco 


CLOCK 
GENERATOR 


SAA3028 


9 
12c¢ Bus aa SCI. 
INTERFACE = 


ford OFF 
ford 


SSB ENB PO 7287352 


data valid output with open drain 
N-channel transistor 


master address inputs 


data 2 input select 
oscillator input 
oscillator output 
negative supply (ground) 
serial clock line 


1?C bus 
serial data line 


11 DATA 2 data 2 input 


12 DATA 1 data 1 input 


13 PO 
Fig. 2 Pinning diagram. 14 ENB 

15 SSB 

16 Vop 


power-off signal output with open 
drain N-channel transistor 


enable input 
set standby input 
positive supply (+5 V) 
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FUNCTIONAL DESCRIPTION 


Input function 


The two data inputs are accepted into the buffer as follows: 
® DATA 1. Only biphase coded signals which conform to the RC-5 format are accepted at this input. 


® DATA 2. This input performs according to the logic state of the select input RC5. When RC5 = HIGH, 
DATA 2 input will accept only RC-5 coded signals. When RC5 = LOW, DATA 2 input will accept 
only RC-5(ext) coded signals. 


The input detector selects the input, DATA 1 or DATA 2, in which a HIGH to LOW transition is first 
detected. The selected input is then accepted by the buffer for code conversion. All signals received 
that are not in the RC-5 or RC-5(ext) format are rejected. 


Formats of RC-5 and RC-5(ext) biphase coded signals are shown in Figs 3 and 4 respectively; the codes 
commence from the left of the formats shown. The bit-times of the biphase codes are defined in Fig. 5. 


[TT ca 


a 7 
be a control stop time zal 
start 
< + data word time = 15 bit times 
xt 7Z87354 
Q Fig. 3 RC-5 code format: the first start bit is used only for detection and input gain-setting; stop 
5 time = 1,5 bit-times (nominal). 
w 
= 
5 toggle 
a repeat 
w 
> reset standby 
ra) not defined 
i function 


’ A“ 


4 control stop time nal 


ie master address 
start 


data word time © 30 bit times 


7287365 


Fig. 4 RC-5(extended) code format: the first start bit is used only for detection and input gain-setting; 
stop time = 1,5 bit-times (nominal). 


= 


digital ‘1’ digital ‘0’ 


—— 1 bit time 


7282856 


Fig. 5 Biphase code definition: RC-5 bit-time = 2” x Tggc = 1,778 ms (typical); RC-5(ext) bit-time 
= 2° x Tosc = 0,89 ms (typical), where Tosc = the oscillator period time. 
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FUNCTIONAL DESCRIPTION (continued) 


More information is added to the input data held in the buffer in order to make it suitable for 
transmission via the |? C interface. The information now held in the buffer is as follows: 


RC-5 buffer contents RC-5(ext) buffer contents 


data valid indicator data valid indicator 
format indicator format indicator 
input indicator input indicator 


control master address 

address data control 

command data slave address 
data 


The information assembled in the buffer is subjected to the following controls before being made avail- 
able at the |?C interface: 


ENB = HIGH Enables the set standby input SSB. 
SSB = LOW Causes power-off output PO to go HIGH. 
PO =HIGH This occurs when the set standby input SSB = LOW and allows the existing values 


in the buffer to be overwritten by the new binary equivalent values. After 
ENB = LOW, SSB is don’t care. 


PO =LOW This occurs according to the type of code being processed, as follows: 
RC-5. When the binary equivalent value is transferred to the buffer. 


RC-5(ext). When the reset standby bit is active and the master address bits are 
equal in value to the MAO, MA1, MA2 inputs. 


At power-on, PO is reset to LOW. 


DAV = HIGH This occurs when the buffer contents are valid. If the buffer is not empty, or an 
output transfer is taking place, then the new binary values are discarded. 
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Infrared remote control transcoder (RC-6) 


Output function 


The data is assembled in the buffer in the format shown in Fig. 6 for RC-5 binary equivalent values, or 
in the format shown in Fig. 7 for RC-5(ext) binary equivalent values. The data is output serially, starting 
from the left of the formats shown in Figs 6 and 7. 


aan data 1 ay ae data 2 “oo data 3 ——-»}~——- data 4 ——_-» 
MSI uss 
x0xX00000]C 000000 0/0 0 0 ADDRESS |0 0 COMMAND 


ia L control bit 
input indicator: 0 = DATA 1 input; 1 = DATA 2 input 


format indicator: O= RC-5 


data valid = 0; data not valid = 1 7287356 


Fig. 6 RC-5 binary equivalent value format. 


[tres bow he ‘Nowa hoe * Oa[eg Sears Tl 
MSB LSB MSB LsB|MsB 


eceap eat SLAVE ADDRESS 
fa ae 
A reset standby 


& master address 


input indicator : 0 = DATA 1 input; 1 = DATA2 input 
format indicator: 1 = RC-5{(ext) 
data valid = 0; data not valid =1 7287357 


Fig. 7 RC-5(ext) binary equivalent value format. 


DEVELOPMENT DATA 


The output signal DAV, derived in the buffer from the data valid bit, is provided to facilitate use of the 
transcoder on an interrupt basis. This output is reset to LOW during power-on. 


The |?C interface allows transmission on a bidirectional, two-wire |?C bus. The interface is a slave 
transmitter with a built-in slave address, having a fixed 7-bit binary value of 0100110. Serial output of 
the slave address onto the I?C bus starts from the left-hand bit. 


Oscillator 


The oscillator can comprise a ceramic resonator circuit as shown in Fig. 8. The typical frequency of 
oscillation is 455 kHz. 


15nF 
osct 


(1) 


CD ceramic 
resonator 


Osco 
7287358 


(1) Catalogue number of ceramic resonator: 2422 540 98008. 
Fig. 8 Oscillator circuit. 
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FUNCTIONAL DESCRIPTION (continued) 


I?C bus transmission 
Formats for |? C transmission in low and high speed modes are shown respectively in Figs 9 and 10. 


acknowledge 
from slave 


caete 


acknowledge R/W acknowledge from receiver 
from master (= master) 7287359 


Fig. 9 Format for transmission in |?C low speed mode. 


acknowledge 
from slave 


RW acknowledge from receiver 
(= master) 7287360 


Fig. 10 Format for transmission in |? C high speed mode. 


Note to Figures 9 and 10 
When R/W bit = 0; the slave generates a NACK (negative acknowledge), leaves the data line HIGH and 


waits for a stop (P) condition. 

When the receiver generates a NACK; the slave leaves the data line HIGH and waits for P (the slave 
acting as if all data has been transmitted). 

When all data has been transmitted, the data line remains HIGH and the slave waits for P. 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range with respect to Vgg Vpp —0,5 to +15.V 
Input voltage range V\ —0,5 to (Vppt+0,5) V* 
Input current +1) max. 10 mA 
Output voltage range Vo —0,5 to (Vppt+ 0,5) V* 
Output current tlo max. 10 mA 
Power dissipation output OSCO Po max. 50 mW 
Power dissipation per output (all other outputs) Po max. 100 mW 
Total power dissipation per package Prot max. 200 mW 
Operating ambient temperature range Tamb —25 to +85 °C 
Storage temperature range Tstg —55 to +150 °C 
HANDLING 


Inputs and outputs are protected against electrostatic charge in normal handling. However, to be totally 
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘Handling MOS 
Devices’). 


DEVELOPMENT DATA 


(c Purchase of Philips’ 1?>C components conveys a license under the 
Philips’ |?C patent to use the components in the |?C-system 
BUS provided the system conforms to the IC specifications defined 

by Philips. 


*Vpp + 0,5 V not to exceed 15 V. 
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CHARACTERISTICS 


Vss = 0 V; Tamb = —25 to 85 OC unless otherwise specified 


parameter 


Supply voltage 


Supply current; quiescent 
at Tamb = 25 OC 


Inputs 


MAO, MA1, MA2, DATA 1, DATA 2, 
RC5, SCL, ENB, SSB, OSCI 


Input voltage HIGH 
Input voltage LOW 


Input leakage current 
at V, =5,5V; 
Tamb = 25 °C 

Input leakage current 
atV,=OV; 

Tamb = 25 °C; 


Outputs 
DAV, PO 


Output voltage LOW 
atloL=1,6mA 


Output leakage current 
at Vo = 5,5 V; 
Tamb = 25 °C 

OSCcO 


Output voltage HIGH 
at —loH =0,2mA 


Output voltage LOW 
at lop =0,3 mA 


Output leakage current 
at Tamb = 25 °C; 
Vo =5,5V 


Vo=0V 
sDO 


Output voltage LOW 
atloL =2mA 


Output leakage current 
at Vp = 5,5 V; 
Tamb = 25 °C 
Oscillator 
Max. oscillator frequency (Fig. 8) 


5,5 


4,510 5,5 
4,5to5,5 


5,5 


5,5 


4510 5,5 


5,5 


4,510 5,5 


4,5 to 5,5 


5,5 
5,5 


4,5 to 5,5 


5,5 


4,75 


Vpp 


IDD 


VOL 


lor 


VoL 


lor 


fosci 


fame ain | 


4,5 


0,7xVpp 


Vpp — 0,5 


500 


ra 


5,5 


— |200 


Vv 


BA 


uA 


LA 


pA 


pA 
BA 


BA 


kHz 
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DEVELOPMENT DATA 


This data sheet contains advance information and SAA7210 


specifications are subject to change without notice. 


DECODER FOR COMPACT DISC DIGITAL AUDIO SYSTEM 


GENERAL DESCRIPTION 


The SAA7210 incorporates the functions of demodulator, subcoding processor, error corrector and 
concealment in one chip. The device accepts data from the disc and outputs serial data directly to a 
dual 16-bit digital-to-analogue converter TDA1541 (DAC) via the Inter IC signal bus (17S). The 17S 
output can also be fed via the stereo interpolating digital filter SAA7220 which provides additional 
concealment plus over-sampling digital filtering. For descriptive purposes, the SAA7210 is referred to 
as the A-chip and the SAA7220 as the B-chip. 


Features 


Adaptive slicer with high-frequency level detector for input data 
Built-in drop-out detector to prevent error propagation in adaptive slicer 
Fully protected timing synchronization to incoming data 
Eight-to-Fourteen Modulation (EFM) decoding 

Cross-Interleaved Reed-Solomon Code (CIRC) used for error correction system 
Subcoding microprocessor handshaking protoco! 

Motor speed control logic which stabilizes the input data rate 

Error flag processing to identify unreliable data 

Concealment to replace uncorrectable data 

17S bus for data exchange between A-chip, B-chip and DAC 
Bidirectional data bus to external RAM (16 K x 4 bits) 


QUICK REFERENCE DATA 


Supply voltage (pin 40) Vppb typ. 5 Vv 
Supply current (pin 40) Ipp typ. 200 mA 
Data slicer input voltage range Vi(p-p) 0,25 to 2,5 V 
Oscillator operating frequency 

XTAL fxTAL typ. 11,2896 MHz 

vco fyco typ. 8,6436 MHz 
Maximum output current (each output) lo max. 10 mA 
Operating ambient temperature range Tamb —20 to +70 °C 


PACKAGE OUTLINE 
40-lead DIL; plastic (SOT129). 
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Decoder for compact disc digital audio system 


PINNING 


DEVELOPMENT DATA 


AT 


MSC 
XTAL2 


XTAL1 


Vss 


Fig. 2 Pinning diagram; for pin functions see next page. 


7280604 


Yoo 

WSAB 
CLAB 
DAAB 

EFAB 

SCAB 
SDAB 
SWAB/SSM 


DEEM 


ret 


PD/OC 


Ves 


SAA7210 
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Pin functions 


pin no. mnemonic description 
18 AO-A7 Address: address outputs to external RAM. 
9 RAS Row Address Select: output to external RAM (4416) which uses multiplexed 
address inputs. 
10 R/W Read/Write: output signal to external RAM. 
11 MUTE Mute: input from the microprocessor. When mute is LOW the data output 


DAAB (pin 37) is attenuated to zero in 15 successive divide-by-2 steps. On 
the rising edge of mute the data output is incremented to the first “good” 
value in 2 steps. This input has an internal pull-up of 50 kQ (typ.). 


12-14 D1-D3 Data: data inputs/outputs to external RAM. 

15 CAS Column Address Select: output signal to external RAM. 

16 D4 Data: data input/output to external RAM. 

17 MSC Motor Speed Control: open drain output which provides a pulse width 


modulated signal with a pulse rate of 88 kHz to control the rate of data 
entry. The duty factor varies from 1,6% to 98,4% in 62 steps. 

When a motor-start signal is detected via pin 33 (SWAB/SSM) the duty 
factor is forced to 98,4% for 0,2 seconds followed by a normal calculated 
signal. After a motor-stop signal is detected the duty factor is forced to 
1,6% for 0,2 seconds, followed by a continous 50% duty factor. 


18 XTAL2 Crystal oscillator output: drive output to clock crystal (11,2896 MHz typ.). 

19 XTAL1 Crystal oscillator input: input from crystal oscillator or slave clock. 

20 Vss Ground: circuit earth potential. 

21 VBB Back Bias supply voltage: back bias output voltage (—2,5 V +20%). The 
internal back bias generator can be decoupled at this pin. 

22 PD/OC Phase Detector output/Oscillator Control input: outputs of the frequency 


detector and phase detector are summed internally, then filtered at this 
pin to provide the frequency control signal for the VCO. 


23 lref Current reference: external reference input to the phase detector. This 
input is required to minimize the spread in the charge pump output of 
the phase detector. An internal clamp prevents the voltage on this pin 
rising above 3,5 V. 

24 FB Feedback: output from the input data slicer. This output is a current 
source of 100 uA (typ.) which changes polarity when the level detector 
input at pin 25 (HF) rises above the threshold voltage of 2 V (typ.). 

When a data run length violation is detected (e.g. during drop-out), or when 
HFD (pin 26) is LOW, this output goes to high impedance state. 


25 HF High-Frequency Input: level detector input to the data slicer. A differential 
signal of between 0,25 and 2,5 V (peak-to-peak value) is required to drive 
the data slicer correctly. When a Tmgx violation is detected or when HFD 
is LOW, this input is biased directly to its threshold voltage. 

26 HFD High-Frequency Detector: when HIGH this input signal enables the frequen- 
cy and phase detector inputs, also the feedback output (FB) from the data 
slicer. 

An internal voltage clamp of 3 V (typ.) requires the HFD input to be fed 
via a high impedance. This input has an internal pull-up of 50 kQ (typ.). 
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pin no. 
27 


28 


29 


30 


31 


32 


33 


34 


35 


36 


DEVELOPMENT DATA 


37 


38 
39 
40 


Note to the pin functions 


mnemonic 
CEFM 


CRI 


QDATA 


QcL 
DEEM 


SWAB/SSM 


SDAB 


SCAB 


EFAB 


DAAB 


CLAB 
WSAB 


VpD 


description 


Clock Eight-to-Fourteen Modulation: demodulator clock output 4,3218 MHz 
(typ.). 

Counter Reset Inhibit: when LOW this input signal allows the divide-by-588 
master counter in the DEMOD timing to run-free. This input has an internal 
pull-up of 50 kQ (typ.). 

Q-channel Data: this subcoding output is parity checked and changes in 


response to the Q-channel clock input (see subcoding microprocessor 
handshaking protocol). 


Q-channel Request input/Acknowledge output: the output has an internal 
pull-up of nominally 10 kQ. (see subcoding microprocessor handshaking 
protocol). 


Q-channel Clock: clock input generated by the micro-processor when it 
detects a QRA LOW signal. 

De-emphasis: signal derived from one bit of the parity-checked Q-channel 
and fed out via the debounce circuit. 

Subcoding Word clock output & Start/Stop Motor input: open drain output 
which is sensed during each HIGH period and if externally forced LOW a 
motor-stop condition will be decoded and fed to the motor control logic 
circuit. 

Subcoding Data: a 10-bit burst of data, including flags and sync bits, is 
output serially to the B-chip once per frame clocked by burst clock output 
SCAB (see Fig. 4). 

Subcoding Clock: a 10-bit burst clock 2,8224 MHz (typ.) output which is 
used to synchronize the subcoding data. 

Error Flag: output from interpolation and mute circuit to B-chip indicating 
unreliable data. 

Data: this output which is fed to the B-chip or DAC, together with its 
clock (CLAB) and word select (WSAB) outputs, conforms to the |7S bus 
format (see Fig. 5). 

Clock: output to B-chip or DAC. 

Word Select: output to B-chip or DAC. 


Power Supply: positive supply voltage(+ 5 V). 


The pin sequence of the address outputs (A0-A7) and the data outputs (D1-D4) has been selected to 
be compatible with various dynamic 16 K x 4-bit RAMs including the 4416. 
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FUNCTIONAL DESCRIPTION 


Demodulation 


Data read from the disc is amplified and filtered externally and then converted into a clean digital 
signal by the data slicer. The data slicer is an adaptive level detector which relies on the nature of the 
eight-to-fourteen modulation system (EFM) to determine the optimum slicing level. When a signal 
drop-out is detected (via the HFD input, or internally when a data run length violation is detected) the 
feedback (FB) to the data slicer is disabled to stop drift of the slicing level. 


Two frequency detectors, a phase detector and a voltage-controlled oscillator (VCO) form an internal 
phase-lock loop (PLL) system. The voltage-controlled oscillator (VCO) runs at twice the input data 
rate (typically at 8,6436 MHz), its frequency being dependent on the voltage at pin 22 (PD/OC). One 
of the frequency detectors compares the VCO frequency with that of the crystal clock to provide 
coarse frequency-control signals which pull the VCO to within the capture range of fine frequency 
control. Signals for fine frequency control are provided by the second frequency detector which uses 
data run length violations to pull the VCO within the capture range of the PLL. When the system is 
phase-locked the frequency detector output stage is disabled via a lock indication signal. The VCO 
output is divided by two to provide the main demodulator clock signal which is compared with the 
incoming data in the phase detector. The output of the phase detector, which is combined internally 
with the frequency detector outputs at pin 22 (PD/OC), is a positive and negative current pulse with 
a net charge that is dependent on the phase error. The current amplitude is determined by the current 
source connected to pin 23 (Iref). 


The demodulator uses a double timing system to protect the EFM decoder from erroneous sync 
patterns in the data. The protected divide-by-588 master counter is reset only if a sync pattern occurs 
exactly one frame after a previous sync pattern (sync coincidence) or if the new sync pattern occurs 
within a safe window determined by the divide-by-588 master counter. If track jumping occurs the 
divide-by-588 master counter is allowed to free-run to minimize interference to the motor speed 
controller ; this is achieved by taking the CRI input (pin 28) LOW to inhibit the reset signal. 


The sync coincidence pulse is also used to reset the lock indication counter and disable the output 
from the fine frequency detector. If the system goes out of lock, the sync pulses cease and the lock 
indication counter counts frame periods. After 63 frame periods with no sync coincidence pulse, the 
lock indication counter enables the frequency detector output. 

The EFM decoder converts each symbol! (14 bits of disc data + 3 merging bits) into one of 256 8-bit 
digital words which are then passed across the clock interface to the subcoding section. An additional 
output from the decoder senses one of two extra symbol patterns which indicate a subcoding frame 
sync. This signal together with a data strobe and two error flags are also passed across the clock 
interface. The error flags are derived from the HFD input and from detected run length violations. 


1 Frame = 588 channel bits 


suB_|SYMBOL | | | SUB 
| swe fecomol | 2? f > |e ts gl |] [ [0 [2 | sme [echo 


format of sync pattern - 27 channel bits 


format of subcoding or data 
symbol - 17 channel bits 


Webonel Hebanne is (ulin 


REE Fn PE aot be inverted TIO: Yi | seen bit EFM Word 


(1) = merging and low frequency suppression bits. 7ze0808 


Fig. 3 Data input signal. 
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FUNCTIONAL DESCRIPTION (continued) 


Subcoding 
The subcoding section has four main functions 


© Q-channel processor 
@ De-emphasis output 
@ Pause (P-bit) output 
@ Serial subcoding output to B-chip 


The Q-channel processor accumulates a subcoding word of 96 bits from the Q-bit of successive sub- 
coding symbols, performs a cyclic redundancy check (CRC) using 16 bits and then outputs the 
remaining 80 bits to a microprocessor on an external clock. The de-emphasis signal (DEEM) is derived 
from one bit of the CRC-checked Q-channel. The DEEM output (pin 32) is additionally protected by a 
debounce circuit. 


The P-bit from the subcoding symbol, also protected by a debounce circuit, is output via the serial 
subcoding signal (SDAB) at pin 34. The protected timing used for the EFM decoder makes this output 
unreliable during track jumping. 


The serial output to the B-chip consists of a burst of 10 bits of data clocked by a burst clock (SCAB). 
The 10 bits are made up from subcoding signal bits G to W, the Q-channel parity check flag, a demo- 

dulator error flag and the subcoding sync signal. At the end of the clock burst this output delivers the 
debounced P-bit signal which can be read externally on the rising edge of SWAB at pin 33 (see Fig. 4). 


Q-CHANNEL PARITY CHECK FLAG = SUBCODING ERROR FLAG SYNC (active LOW) 
(0 = FAIL) \ 


| [ 
ie its, 8) a al Gn 
! 


DEVELOPMENT DATA 


2.8224 MHz BURST CLOCK zzeceos 


Fig. 4 Typical subcoding waveform outputs. 


Pre-FIFO 

The 10 bits (8 bits of symbol data + 2 error flag bits) which are passed from the demodulator across 
the clock interface to the subcoding section are also fed to the pre-FIFO with the addition of two 
timing signals. These two timing signals indicate: 

(1) That a new data symbol is valid 

(2) Whether the new data symbol is the first symbol of a frame 

The pre-FIFO stores up to 4 symbols (including flags) and acts as a time buffer between data input 
and data output. Data passes into the pre-F1FO at the rate of 32 symbols per demodulator frame and 
the symbols are called from the pre-FIFO into RAM storage at the rate of 32 symbols per error- 
correction frame. The timing, organized by the master controller, allows up to 40 attempts to write 
32 symbols into the RAM per error-correction frame. The 8 extra attempts allow for transient changes 
in clock frequency (e.g. pitch control). 
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Data control 


This section controls the flow of data between the external RAM and the error corrector. Each symbol 


of data passes through the error corrector two times (correction processes C1 and C2) before entering 
the concealment section. 


The RAM interface uses the full crystal frequency of 11,2 MHz to determine the RAM access wave- 
forms (the main clock for the system is 5,6 MHz). One RAM access (READ or WRITE) uses 12 crystal 
clock cycles which is approximately 1 ys. The timing (see Fig. 6) is based upon the specification for 
the dynamic 16 K x 4-bit RAM (4416). This RAM requires multiplexed address signals and therefore, 
in each access cycle, a row address (RAS pin 9) is set up first and then three 4-bit nibbles are accessed 
using sequential column addresses (CAS pin 15). As only 10 bits are used for each symbol (including 
flags), the fourth nibble is not accessible. 


There are 4 different modes of RAM access: 


e@ WRITE 1 
e@ READ 1 
e@ WRITE 2 
e@ READ 2 


During WRITE 1, data is taken from pre-FIFO at regular intervals and written into one half of the 
RAM. This half of the RAM acts as the main FIFO and has a capacity of up to 64 frames. During 
READ 1, the 32 symbols of the next frame due out are read from the FIFO. The numerical difference 
between the WRITE 1 and READ 1 addresses is used to control the speed of the disc drive motor. 


When a frame of data has been read from the FIFO it is stored in a buffer RAM until it can be accepted 
by the CIRC error correction system. At this time the error correcting strategy of the CIRC decoder 
for the frame is determined by the flag processor. The frame for correction is then loaded into the 
decoder one symbol at a time and the 32 symbols from the previous correction are returned to the 
buffer RAM. 


After the first correction (C1), only 28 of the symbols are required per frame. The symbols are stored 
in the buffer RAM together with new flags generated after the correction cycle by the flag updating 
logic. This partially-corrected frame is then passed to the external RAM by a WRITE 2 instruction. 
The de-interleaving process is carried out during this second passage through the external RAM. The 
WRITE 2 and READ 2 addresses for each symbol provide the correct delay of 108 frames for the 
first symbol and zero delay for the last symbol. 


After execution of the READ 2 instruction, the frame of 28 symbols is again stored in the buffer RAM 
pending readiness of the CIRC decoder and calculation of decoding strategy. Following the second 
correction (C2), 24 symbols including unreliable data flags (URD) are stored in the buffer RAM and 
then output to the concealment section at regular intervals. 


Flag processing 
Flag processing is carried out in two parts as follows: 


e Flag strategy logic 
e@ Flag updating logic. 


While a frame of data from the external memory is being written into the buffer RAM, the error flags 
associated with that frame are counted. Two bits are used for the flags, thus ‘good ‘ data (flags = 00) 
and three levels of error can be indicated. 

The optimum strategy to be used by the CIRC error corrector is determined by the 2-bit flag informa- 
tion used by the flag strategy logic ROM in conjunction with its associated arithmetic unit (ALU). The 
flags for the C1 correction are generated in the demodulator and are based on detected signal drop-outs 
and data run length violations. Updating of the flags after C1 is dependent on the CIRC decoder correc- 
tion of that frame. The updated flags are used to determine the C2 strategy. After C2 correction a single 
flag (URD) is generated to accompany the data into the concealment section. 
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FUNCTIONAL DESCRIPTION (continued) 


CIRC Decoding 


Data on the compact disc is encoded according to a cross-interleaved Reed-Solomon code (CIRC) and 
this decoder exploits fully the error-correction capabilities of the code. 


Decoding is performed in two cycles and in each cycle the CIRC decoder corrects data in accordance 
with the following formula: 


2t+e=4 
Where: 
e = the number of erasures (erroneous symbols whose position is known). 
t = allowed number of additional failures which the decoder program has to find. 


The flag processor points to the erasure symbols and tells the CIRC decoder how many additional 
failures are allowed. If the error corrector is presented with more than the maximum it will stop and 
flag all symbols as unreliable. 


The CIRC decoder is comprised of two sections: 


Syndrome formation 


Four correction syndromes are calculated while the frame of data is being written into a symbol 
memory. From these syndromes errors can be detected and corrected. 


Microcoded correction processing 


The processor uses an Arithmetic Logic Unit (ALU) which includes a multiplier based on logarithms. 
The correction algorithm follows the microcode program stored in a ROM. 


Concealment 


This section combines 8-bit data symbols into left and right stereo channels. Each channel has a 16-bit 
capacity and holds two symbols (a stereo sample). The channels operate independently. A concealment 
operation is performed when a URD flag accompanies either symbol in a stereo sample. If a single 
erroneous sample is flagged between two ‘good ‘ samples then linear interpolation is used to replace 
the erroneous value. If two or more successive samples are flagged, a sample and hold is applied and 
the last of the erroneous samples is interpolated to a value between that of the hold and that of the 
following ‘good’ sample. 


If MUTE is requested, the data in each channel is attenuated to zero in 15 successive divide-by-two 
steps. At the end of a mute period the output is incremented to the first ‘good ‘value in two steps 
using the interpolator. 


All erroneous data supplied to the concealment section continues to be flagged when it is output to 
the B-chip where it receives additional and more efficient concealment. 


Motor speed control (see Fig. 7) 


The motor speed control (MSC) output from pin 17 is a pulse-width modulated signal. The duty factor 
of the pulse-width modulation is calculated from the difference in numerical value between the 
WRITE 1 and READ 1 addresses, the difference being nominally half of the FIFO space. The calcula- 
tion is performed at a rate of 88,2 kHz. 


The duty factor of MSC varies in 62 steps from 1,6% (FIFO full) to 98,4% (FIFO empty). When a 
motor-start signal is detected (via SWAB/SSM) the duty factor is forced to 98,4% for 0,2 seconds fol- 
lowed by a normal, calculated signal. After a motor-stop signal is detected the duty factor is forced to 
1,6% for 0,2 seconds followed by a continuous 50% duty factor. A change in motor start/stop status 
occurring within the 0,2 second periods overrides the previous condition and resets the data control 
timer. 
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Baik active region 
signal ‘ 
oO} 8 16 | 24 32} 40 48} 56 !63 ———» 
2 20 36 52 61 frames of 
; ; ‘ RAM space 
FIFO full nominai FIFO empty unoccupied 
W inhibit working R inhibit 
Pom 7280606 
Fig. 7 Motor speed control. 
< 
= 
<x 
(a) 
+ RATINGS 
< Limiting values in accordance with the Absolute Maximum System (IEC 134) 
= Supply voltage range (pin 40) Vpp —0,5 to +7,0 V 
a Maximum input voltage range Vi —0,5 to Vpp +0,5 V 
rf Input current (pin 23) ly max. 5 mA 
eS Maximum output voltage range (pin 17, 33) Vo —0,5 to +7,0 V 
Output current (each output) lo max. 10 mA 
Storage temperature range Tstg —55 to +125 OC 
Operating ambient temperature range Tamb —20 to +70 °C 
Electrostatic handling * Ves —1000 to +1000 V 


* Equivalent to discharging a 100 pF capacitor through a 1,5 kQ2 series resistor with a rise time of 
15 ns. 


September 1985 681 


SAA7210 


CHARACTERISTICS 
VDp = 4,5 to 5,5 V; Vss = 0 V; Tamb = —2- to +70 OC unless otherwise specified 


Parameter symbol min. typ. 
Supply 
Supply voltage (pin 40) Vppb 45 5,0 
Supply current (pin 40) IDpD - 200 
Inputs 
D1-D4, QCL 
Input voltage LOW VIL —0,3 _ +0,8 Vv 
Input voltage HIGH VIH 2,0 — |Vpp +0,5 Vv 
Input leakage current | +ILy - = 10 uA 
Input capacitance | Cc; — _ 7 pF 
MUTE, CRI 
Input voltage LOW VIL —0,3 - +0,8 Vv 
Input voltage HIGH VIH 2,0 — |\Vpp +0,5 Vv 
Internal pull-up impedance 
at Vj =OV | IZ] tbf 50 tbf kQ 
Input capacitance C\ — - 7 pF 
QRA, SWAB | 
Input voltage LOW VIL —0,3 - +0,8 Vv 
Input voltage HIGH VIH 2,0 — |}Vpp +0,5 Vv 
Input capacitance C| - - 7 pF 
Internal pull-up impedance | 
at Vj; =OV IZ | 5 10 - kQ 
HFD 
Input voltage LOW VIL —0,3 ~ +08 Vv 
Input voltage HIGH VIH 2,0 ~ clamped Vv 
Input clamping voltage 
at |} = 100 vA - Vv 
Input source current 100 pA 


Input capacitance 


Internal pull-up impedance 
atV;=OV 
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parameter 


Outputs 
A1-A8, R/W, D1-D4, CAS, RAS, CEFM, 
QDATA, DEEM, SDAB, SCAB, EFAB, 
DAAB, CLAB, WSAB 
Output voltage LOW 
at—loL=1,6mA 
Output voltage HIGH 
at |OH = 0,2 mA 


Load capacitance 

MSC (open drain) 

Output voltage LOW 
at—lIOL=1mA 

Load capacitance 

SWAB, QRA (open drain) 

Output voltage LOW 


F at -lIoOL=1,6mA 

ra Load capacitance 

e Internal load resistance 
= ANALOGUE CIRCUITS 
rm 

2 Data slicer 

i) Input HFI 


A.C, input voltage range 
(peak-to-peak value) 


Input impedance 
normal (HFD HIGH) 
disabled (HFD LOW) 

Input capacitance 

Output FB 

Output current 
at VFp=2V 


Phase detector 

Output PD/OC 

Output impedance 
Control range (note 1) 
Gain factor 

Input lref 

Input reference current 
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CHARACTERISTICS 


parameter symbol i min. typ. max.| unit 
t [ite | 


Fine frequency detector | 
Output PD/OC | 
Output impedance IZo| = 2 _ kQ 


Coarse frequency detector 
Output PD/OC (note 2) 
Output impedance Zo} - 1, — |kQ 


Voltage controlled oscillator 
Input PD/OC | 
Oscillator constant Kose | - tbf — | MHz2/V 


Crystal oscillator 


Input XTAL1 | 
Output XTAL2 | 
Mutual conductance at 100 kHz Gm 15° } = — | ms 
Small signal voltage gain | 
(Gy = Gm x Ro) } Gy 3:5 - = V/V 
Input capacitance | Cc} - - 10 pF 
Feedback capacitance | Crg - - 5: | pF 
Output capacitance | Co = i 10 | pF 
Input leakage current | 2ILI - - 10 pA 
Slave clock mode | 
Input voltage (peak-to-peak value) Vi(p-p) 1,6 —|Vpp +0,5 | Vv 
Input voltage LOW VIL —0,3 | - 08g | Vv 
Input voltage HIGH VIH 24 —|lVpp+0,5 | V 
Input rise time (note 3) tr _ - 20 | ns 
Input fall time (note 3) tf - - 20 | ns 
Input HIGH time at 1,2 V 
(relative to clock period) | tHIGH 35 hen 65 | % 
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CHARACTERISTICS (continued) 


parameter symbol 
TIMING 
Operating frequency (XTAL) fXTAL 11,2896 
Operating frequency (VCO) 
coarse frequency detector inactive fyco1 fxTAL/2 8,6436 
no input pin 25 (HF!) fyco2 
Outputs (see Figs. 8 and 9) 
CEFM (note 4) 
Output rise time tr = = 
Output fall time tf = s 
Output HIGH time tHIGH 50 = 
DAAB, CLAB, WSAB, EFAB (note 4) 
(data to B-chip; 17S format) 
Output rise time tr - = 
: Output fall time tf - - 
Fa DAAB, WSAB, EFAB to CLAB 
2 Data set-up time tsu; DAT 100 = ns 
2 | CLAB to DAAB, WSAB, EFAB 
5 Data hold time tHD; DAT 100 - ns 
a SDAB, SCAB, DEEM (note 4) 
fa) (subcoding outputs) 
Output rise time tr - - ns 
Output fall time tf - - ns 
SDAB to SCAB 
Subcoding data set-up time tSU; SDAT ns 
SCAB to SDAB 
Subcoding data hold time tHD; SDAT ns 
SWAB (note 4) 


Output rise time 
Output fall time 
Output duty factor 


tr 
tf 
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CHARACTERISTICS (continued) 


parameter symbol min. typ. max.| unit 
Q-channel I/O (see Figs. 12 and 13) 
QRA, QCL, QDATA 
Access time (note 5) 133+ 
normal mode tACC;N 0 ag 13 3 |; ms 
refresh mode tACC; F 13,3 - nx 13,3 | ms 
QCL to QRA acknowledge delay tDACK - - 500 | ns 
QCL to QRA request hold time tHD;R 500 ~ — |ns 
QCL clock input LOW time tcK: LOW 500 - =, | ns 
QCL clock input HIGH time tCK: HIGH 500 _ — |ns 
QCL to QDATA delay time toD - - 500 | ns 
Data hold time before 
new frame is accessed tHD: ACC 2,3 - — |ms 
Acknowledge time tACK = - iz 10,8 | ms 


Notes to the characteristics 


1800 
1.1 rad = ——_. 
(3,14) 


f 
2. Coarse frequency detector output PD/OC active for VCO frequencies > fx TAL and < ae 


3. Reference levels = 1 V and 2,4 V. 
4. Output rise and fall times measured with load capacitance (C_) = 50 pF. 
5. Q-channel access times dependent on cyclic redundancy check (CRC). 
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DAAB 
WSAB 
EFAB 


7280607 
Yr Site 


Fig. 8 Typical data output waveforms to B-chip or DAC: reference levels = 0,8 V and 2,0 V. 


SCAB 


'HD: SDAT > 


SDAB 


DEVELOPMENT DATA 


SWAB 


ty ty 7280608 


Fig. 9 Typical subcoding data output waveforms: reference levels for SCAB and SDAB = 0,8 V and 2,0 V; 
reference levels for SWAB = 0,8 V and 4,0 V. 
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APPLICATION INFORMATION 


EFM Encoding system 


The Eight-to-Fourteen Modulation (EFM) code used in the Compact Disc Digital Audio system is 
designed to restrict the bandwidth of the data on the disc and to presenta d.c. free signal to the demodu- 
lator. In this modulation system the data run length between transitions is > 3 clock periods and 

<11 clock periods. The number of bits per symbol is 17, including three merging and low frequency 
suppression bits which also assist in the removal of the d.c. content. 


The conversion from 8-bit, non-return-to-zero (NRZ) symbols to equivalent 14-bit code words is 
shown in Table 2. C1 is the first bit of a 14-bit code word read from the disc and D1 is the Most 
Significant Bit (MSB) of the data sent to the error corrector. The 14-bit code words are given in NRZ-I 
representation in which a logic 1 means a transition at the beginning of that bit from HIGH-to-LOW 
or LOW-to-HIGH (see Fig. 10). 


CODED NAZ-! 0100100010000010000 


DECODED EQUIVALENT | | | | 
OR 


7280609 


Fig. 10 Non Return to Zero (NRZ) representation. 


The codes shown in Table 2 cover the norma! 256 possibilities for an 8-bit data symbol. There are other 
combinations of 14-bit codes which, although they obey the EFM rules for maximum and minimum 
run length (Tmax, Tmin), produce unspecified data output symbols. Two of these extra codes are used 
in the subcoding data to define a subcoding frame sync and are as shown in Table 1. 


Table 1 Codes used to define subcoding frame sync 


i ee 
{ 8-bit NRZ data symbol | 14-bit equivalent code word | 
[sciences apes sactinces sions caatcaehisenicwesmssoasipenssouens<pooe Se a aes eT ano dupes abpemenpbeansanaphaaeaiaradesusaraacPoisieoaies pea aauraarit | 
i] i} | | | i] | | 1 | | | | | ] ! | | | 

| D1| D2! D3! D4! D5 106! D7! DB! C1 Ic2!c3 Ic4 ICS 1c6! C7 cal c9|c1o Ic11| C121 C13 |c14 | 
t ee T — i et i et : oot roca oe 1 Fa ea =r ip eecee: | —r i ae eweee. + eeeees. T — + ecceseoed + esses! t erent 1 erenesece, | eeec ns ceneces, at 
| xPO}O;T/ 1111111101011 10101010) oF 0; 0 }o}o}0 |} 1 
xiTi tty Tyr; oO] 1107010 10 }oO Joyo, ojo} 1 ;o}ols | | 
— | a EE a OS oe es Oe SR ja | (Lae ree (Senile ae | | 
| platris!itiylyv! 

a Pc VS Nl cal le el 


Where: X = don’t care state. 
When a subcoding frame sync is detected the P-bit (Pause-bit) of the data is ignored by the debounce 


circuitry. The remaining bits (Q to W) are not specified in the system but always appear at the serial 
output as shown in Table 1. 


688 September 1985 { 


SAA7210 


E 
2 
7 
7 
> 
a 
<2 
a] 
Ss 
o 
8 


digi 


Isc 


Decoder for compact d 


689 


September 1985 


0 0 OO.) fab OLO000000001L00 ea Sa | 0 
0 0 0o00;OLL OL0d0000000L1L000 {OLL 0 
0 0 000 LOL 0oLo0o0000001L0000 LOL 0 
0 0 otLro;oot OLo00000000010 {001 0 
0 0 ool L. La0 OoLo0od000000lLO0O00L1 be Oo 0 
0 0 oolt}otro OLO0O00D0O00O0LOOL JOLO 0 
0 0 OoOoL Loo O0O0tLOOLOOLOOOO Loo 0 
0 0 otL1o0;0o00 01000000010010;000 0 
Lye 6LL 
0} Oo} 
6EL LL 
LO0O00OO0OLOOOLOOL!]OLOODOOOOL] BEL |DOO0O0D00O0LDOOLOO!L |OLOLOOOO OL 
too0oo0od0ol-LoagOogOoOOoOoL! LOooOtLoOOoOOLs ZeL }OO0OO0OO0OO0OO0OLOOOOOOL Lootoooo 6 
LOO0O0OOLOOLOOLO;]/OOOLOOOLY| VL |}O0D0D0D0ODOLOOLOOLO j000L0000 8 
Loo0OOoO-LOOLOOLOO LL RO. OLOLOGL.|) SEL | OO0O0O0000OO0LO00LODO Lt Lt OF0;0 00 Z 
LO0O0O0OLQOOOOLOOO;/OLLOOOOL] vEL |}000D0O0OLODOOOOLODOOO jOLLOOOOD 9 
too0oo00rtrooo0o0o0o0d0d LoLOOOO!L/; €c&l |}O000LOO0OOLOOOOO }tordadoddd S 
10000 LeO008L 000 t OW OF 0 LO. O0K0Lt | CEL | 0.0 0.0 0'0)0' 0)! 0 OO L.OF| 00 | O'0;0 00 v 
EF 00.0 0 L703020 | 0'10;0 L LLooooot lel | OODOO0OOLOOOLOOOL tLLoo00o0000 c 
LOQOQOOLOOOOLOOL]OLOOOOOL] O€FL }|O0OD00OLODOOOOLOO!L |jOLOO0O000N cA 
LO0O0OO0OLOOLOOOOL Lood00O0O0OL;} 6! |}|O0000000LO000N0L too0o00o00o00o0 L 
LOOOOLOOOLOOLO|OO0O0O0OOOL!] 8t };O000O0LOOOLOOLO ;00000000 0 
blo LO | 8a La vlo Lo |8a La 
P10Mm apod juajeAinba Joqwas ejep 7NQ ‘ON P4OM apod juajeainba joqwas elep 7NQ ‘ON | 


VLivd LN3Wd013A30 


UOISIBAUOD APOD WAZ BIGeL 


SAA7210 


APPLICATION INFORMATION (continued) 


Subcoding microprocessor handshaking protocol (see Figs. 11, 12 and 13) 
The QRA line is normally held LOW by the microprocessor. 


When the microprocessor needs data (Request) it releases the QRA line and allows it to be pulled HIGH 
by the pull-up resistor in the SAA7210. 


The SAA7210 is continuously collecting Q-channel data and when it detects that QRA is HIGH it holds 
the first frame of Q-channel data for which the Cyclic Redundancy Check (CRC) is ‘good . Then the 


SAA7210 pulls QRA LOW to tell the microprocessor that the data is ready (Acknowledge) and enables 
the QDATA output. 


When the microprocessor detects a QRA LOW signal it generates a clock signal (QCL) to shift the data 
out from the SAA7210 to the microprocessor via the QDATA output. The first negative edge of QCL 
also resets the acknowledge signal and thus releases the QRA line. 


As soon as the microprocessor has received sufficient data (not necessarily 80 bits) it pulls the QRA 


line LOW again. The SAA7210 now disables the QDATA output and resumes collecting new Q-channel 
data. 


lf the microprocessor does not generate a QCL signal within 10,8 ms from the start of the acknowledge 
(QRA LOW), the SAA7210 resets the acknowledge signal and allows the QRA line to go HIGH again. 
The microprocessor still has 2,3 ms to accept the data, which allows for a long propagation delay in 
the microprocessor. After a further 13,33 ms the SAA7210 will have received a new frame of Q-chan- 
nel data and, provided the CRC is ‘good’, will give a fresh acknowledge signal. This refreshing process 
is repeated until the microprocessor accepts the data or stops the request. 


When the microprocessor has a requirement to hold the data for a long period before acceptance, it 
prevents the refreshing process by setting QCL LOW after any acknowledge signal. 


MICROPROCESSOR SAA7210 


DATA REQUEST ——| 


7280610 


Fig. 11 Microprocessor handshaking protocol. 
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DATA REQUEST 
(microprocessor 
internal signal) 
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(SAA7210 
internal signal) 


QRA 


tcK; LOW 'CK; HIGH 


| =] Fe ele 


' 
} [t-too 
pois Sos ae ra OO88 86 a 
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Fig. 12 Q-channel timing waveforms (normal mode). 


DATA REQUEST | | 
(microprocessor 


internal signal) 


ACKNOWLEDGE | | | 
(SAA7210 


internal signal) ACCESS FRAME REFRESH FRAME 


= I tacc; N aa }— tacc; F 


i oo eT ee on a ce 


TACK —+ tHD; ACC 


ee ra aes Beams (100 
cos Seer ee eee. 


|. this will repeat 
until QCL goes LOW 7280612 


DEVELOPMENT DATA 


Fig. 13 Q-channel timing waveforms (refresh mode). 
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DIGITAL FILTER FOR COMPACT DISC DIGITAL AUDIO SYSTEM 


GENERAL DESCRIPTION 


The SAA7220 is a stereo interpolating digital filter designed for the Compact Disc Digital Audio system. 
For descriptive purposes, the SAA7220 is referred to as the B-chip and the SAA7210 as the A-chip. 


Features 


© 16-bit serial data input (two’s complement) 

Interpolated data replaces erroneous data samples 

—12 dB attenuation via the active LOW attenuation input control (ATSB) 

Smoothed transitions before and after muting 

Two identical finite impulse response transversal filters each with a sampling rate of four times that 
of the normal digital audio data 

© Digital audio output of 32-bit words transmitted in biphase-mark code 

© |?S data transfer between SAA7210, SAA7220 and 16-bit dual DAC (TDA1541) 


QUICK REFERENCE DATA 


parameter conditions 


Supply voltage (pin 24) 
Supply current (pin 24) 
Input voltage ranges 

| WSAB, DAAB, EFAB, SDAB note 2 
CLAB, SCAB, ATSB, MUSB note 3 
Input voltage LOW note 1 VIL —0,3 = 
Input voltage HIGH note 1 Vin 2,0 - 
| Output voltage ranges 
| DABD, CLBD, WSBD 
Output voltage LOW lot = 0,8 mA | VoL 0 - 
Output voltage HIGH 1oH = 0,2 mA 
DOBM 


Voltage across a 75 22 
load via attenuator 
(peak-to-peak value) 


see Fig. 10 


Operating frequency 
XTAL 


Operating ambient 
temperature range 


11,2896) 12,42 


For explanation of notes see ‘‘Notes to the characteristics”. 
PACKAGE OUTLINE 
SAA7220P/A: 24-lead DIL; plastic (with internal heat spreader) (SOT101A). 
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PINNING 


Pin functions 
pin no. 
1 


4 
3 
4 


oa 


10 


11 


mnemonic 
WSAB 
CLAB 
DAAB 
EFAB 


n.c. 


SCAB 


SDAB 


n.c. 
XSYS 


XOUT 


XIN 


WSBD 


CLBD 


DABD 


DOBM 


TEST 


7Z80740 


Fig. 3 Pinning diagram. 


description 

Word Select: input from A-chip. 

Clock: input from A-chip; has an internal pull-up. 
Data: input from A-chip. 


Error Flag: active HIGH input from A-chip indicating unreliable 
data. This input has an internal pull-down. 


not connected. 

Subcode Clock: a 10-bit burst clock 2,8224 MHz (typ.) input 
which synchronizes the subcode data. This input has an internal 
pull-up. 

Subcode Data: a 10-bit burst of data, including flags and sync 
bits serially input from the A-chip once per frame clocked by 
burst clock input SCAB (see Fig. 8). This input has an internal 
pull-down. 

not connected. 


System clock output: 11,2896 MHz (typ.) output to DAC and to 
A-chip as slave clock input. 


Crystal oscillator output: drive output to clock crystal 
(11,2896 MHz typ.). 


Crystal oscillator input: input from crystal oscillator or slave 
clock. 
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pin no. mnemonic description 
12 Vss Ground: circuit earth potentional. 
13 TEST Test input: this input has an internal pull-down. In normal opera- 


tion pin 13 should be open-circuit or connected to Vss. 


14 DOBM Digital audio output: this output contains digital audio samples 
which have received interpolation, attenuation and muting plus 
subcode data. Transmission is by biphase-mark code. 

15 DABD Data: this output which is fed to the DAC, together with its clock 


(CLBD) and word select (WSBD) outputs, conforms to the |?7S 
format (see Fig. 7). 


16 CLBD Clock: output to DAC. 

17 n.c. not connected. 

18 WSBD Word Select: output to DAC. 

19 n.c. not connected. 

20 n.c. not connected. 

21 n.c. not connected. 

22 ATSB Attenuation: when active LOW this control input provides —12 dB 
attenuation. This input has an internal pull-up. 

23 MUSB Mute: active LOW control input with internal pull-up. 

24 VpbD Power Supply: positive supply voltage (+ 5 V). 


FUNCTIONAL DESCRIPTION 


General 
The SAA7220 incorporates the following functions: 


Interpolation of data in error 

Attenuation 

Muting 

Finite impulse response transversal filtering with a four times increased sampling rate 
A digital audio output 


Serial data formatted in two’s complement (DAAB; pin 3) is clocked in by its bit clock (CLAB; pin 2) 
together with word select (WSAB; pin 1) and error flag (EFAB; pin 4) as shown in Fig. 1. After 
resynchronization with the internal clocks the data is separated into left and right channels and fed to 
two identical Input Shift Registers (IPSR). Internal timing and control loads the data into the inter- 
polation RAM via the Intermediate Input Shift Register (IISR). 


After interpolation, attenuation and muting the data is fed serially from the Intermediate Output 
Shift Register (LOSR) to the Audio Output Shift Register (AOSR) and to the IISR. From the IISR it 
is loaded into the filter RAM. 


After filtering the data is passed to the Filter Data Shift Register (FDSR). From the FDSR it is 
transmitted serially to the data output (DABD; pin 15) together with the appropriate word select 
(WSBD; pin 18) and bit clock (CLBD; pin 16), in accordance with the |?S bus specification. Data is 
again formatted in two’s complement. Outputs DABD, WSBD and CLBD are strobed to maintain the 
correct timing relationship with the system clock output (XSYS) at pin 9 (see Fig. 13). 
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FUNCTIONAL DESCRIPTION (continued) 


The subcode data (SDAB; pin 7) and 10-bit burst clock (SCAB; pin 6) are resynchronized to the inter- 
nal clocks within the digital audio output block. SCAB clocks the data into the Subcode Input Shift 
Register (SISR; Fig. 2). Data is transferred to the Subcode Output Shift Register (SOSR) on receipt 
of all of the 10-bit burst clocks. The subcode data is then mixed with the data from the AOSR and 


the error flag to provide the output DOBM at pin 14. SISR is reset when no clocks are detected on the 
SCAB input. 


Interpolation 


When, for either left or right channel, unreliable samples are flagged between two correct samples, 


linear interpolation is used to replace the erroneous samples (up to a maximum of 8 consecutive 
errors). 


When the error flag is set, the sample is replaced by a value calculated by the following formula: 


1 

S(n) = —— .S(n—1) + — . S(ntx) 
xt+1 x+1 

Where: S(n) = new sample value 


x number of successive erroneous samples following S (n—1) 
S(n—1) = the preceding sample 
S(n+x) = the first following correct sample 


The value of x is detected (1 to 8) to determine the coefficients for the multiplications. Eight coeffi- 
cient pairs are stored in the ROM. If x = 0 or > 9 then S(n) will remain unchanged. 


error flag | | | | | | | | 


7Z80741 


= sample interpolated or held in A-chip 


---0 


Fig. 4 Example of an eight sample linear interpolation. 
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Attenuation 


Attenuation is controlled by the ATSB input at pin 22. When the input is active LOW the sample is 
multiplied by a coefficient that provides —12 dB attenuation. If the input is HIGH the multiplication 
factor is 1. 


Mute 


Mute is controlled by the MUSB input at pin 23. When the input is active LOW the value of the 
samples is decreased smoothly to zero following a cosine curve. 32 coefficients are used to step down 
the value of the data, each one being used 31 times before stepping onto the next. When MUSB is 
released (pin 23 HIGH) the samples are returned to the full level again following a cosine curve with 
the same coefficients being used in the reverse order. 


Filtering 


The SAA7220 incorporates two identical finite impulse response transversal filters with the equivalent 
of 120 taps, one filter for each stereo channel. The corresponding120 coefficients are structured as 

4 sections of 30 coefficients. 

(Each ROM contains only 60 filter coefficients, the same 60 being used a second time, but in the 
reverse order, to make a total of 120.) Plots of the filter characteristics are shown in Fig. 16. 


Data is stored in a 480-bit RAM (30 words x 16 bits). The 30 words are sequentially addressed 4 times 
to generate the 4 output samples. 


When a new word is moved from the interpolation RAM to the filter RAM, the oldest word is discarded 
and all other words moved one position with respect to the ROM coefficients. The data storage 
effectively forms a 30 sample wide moving window on the input data. The samples move within this 
window at 5,6448 MHz and the window moves one sample every 22,6 us. 


An output word is formed by multiplying 30 samples from the filter RAM with 30 coefficients from 
the ROM using a 16 x 12 array multiplier. The result is added in an accumulator. At the end of the 
30 multiplications the 16 MSB’s are passed from the accumulator via the |OSR to the FDSR, and the 
accumulator is reset. Overflow protection is incorporated so that the output always limits cleanly in 
the event of accumulator overflow. Also, to simplify the design of the digital-to-analogue converter a 
d.c. offset of + 5% is added to the accumulator. 


The filtered data is output in the |?S format at a 5,6448 MHz bit rate and a sample rate of 176,4 kHz. 


Digital audio output 


Audio 16-bit samples and subcode data are formatted according to the Philips/Sony proposal; ‘Digital 
audio interface for domestic use” (Reference Philips ‘Red Book’ CD-DA standard specification). 

The digital audio output (DOBM; pin 14) consists of 32-bit words transmitted in biphase-mark code. 
That is, two transitions for a logic 1 and one transition for a logic 0. The 32-bit words are transmitted 
in blocks of 384 words. Table 1 shows the information contained in each word. 

The sync word is formed by violation of the biphase rule and therefore does not contain any data. Its 
length is equivalent to 4 data bits. The three different sync patterns (B, M and W) indicate the follo- 
wing situations: 

e@ Sync B; start of a block of 384 words, contains left sample (11101000) 

e@ Sync M; word contains left sample, but is not a block start (11100010) 

@ Sync W; word contains right sample (11100100) 

In the SAA7220 sync words are always preceded by 0. A typical biphase-mark code output is shown in Fig. 11. 
Left and right samples are transmitted alternately. 

Audio samples are available for digital audio output after interpolation, attenuation and muting, but 
before filtering. 

Data held in the Subcode Output Shift Register (SOSR) is transmitted via the user data bit and is 
asynchronous with the block rate. 
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Digital audio output (continued) 


Table 1 Composition of the 32-bit digital audio output word 


bit number description information 


1to4 sync - 
5to8 auxiliary not used (always zero) 
audio sample bits 9 to 12 not used (always zero). 
bits 13 (LSB) to 28 (MSB) two’s complement 
audio valid copy of the error flag 
user data used for subcode data 
channel status indication of control bits and category code 
parity bit ho even parity for all word bits excluding sync pattern 


Channel status 


The channel status bit is the same for both left and right words. Therefore a block of 384 words 
contains 192 channel status bits as shown in Table 2. 


When there is no subcode the channel status will switch over to the general format. * No subcode’ is 
identified by the subcode detector when SCAB is a continuous HIGH or LOW. 


Table 2 Channel status bit assignment 


bit number | description subcode provided no subcode provided 
1to4 control copy of Q channel 


bits 1 and 2 zero 
bit 3 image of SCAB 
bit 4 image of SDAB 
5to8 reserved always zero always zero 
9to 16 category code CD category general category 
bit 9 logic 1 all bits zero 
17 to 192 always zero always zero 


Lac dband S| 


If a subcode clock is provided but there is no subcode data (SDAB is a continuous HIGH or LOW) the 
control bits will be zero and the category code will be CD. 


The SYNC bit and the cyclic redundancy check bit (CRC) in the subcode data from the A-chip to the 
B-chip have the format shown by Fig. 5. Typical subcode data input waveforms are shown by Fig. 8. 
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SYNC 


CRC error bit 


ee ‘5c. 7280742 


Fig. 5 Subcode data format for SYNC and CRC bits. 


SYNC is active LOW and indicates the start of a subcode block, which contains 98 words including 
2 sync words, SO and S1. 
CRC is always LOW except during SYNC S1 when: 


@ CRC = logic 1; previous OQ block was true 
@ CRC = logic 0; previous Q block was false 


Two 32-bit words are transmitted at the sample frequency of 44,1 kHz (2 x 32 x 44,1 kHz = 2,8224 
Mbits/s data rate). An internal 5,6448 MHz clock (XSYS/2) is used in the biphase modulator. 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter symbol 


Supply voltage range (pin 24) 
Maximum input voltage range 
Storage temperature range 


Operating temperature range 


Electrostatic handling* 


Ensure no electrical connections are made to the underside or ends of the package as there is the 
possibility of making accidental connection to the lead frame and/or internal heat spreader of the device. 


* Equivalent to discharging a 100 pF capacitor through a 1,5 k® series resistor with a rise time of 
15 ns. 
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CHARACTERISTICS 
Vpp = 4,5 to 5,5 V; Vsg = 0 V; Tamb = —20 to + 70 °C unless otherwise specified 


parameter 


Supply 


Supply voltage (pin 24) Vpp 
Supply current (pin 24) Ipp 
Inputs 

WSAB, DAAB 

Input voltage LOW (note 1) VIL 
Input voltage HIGH (note 1) VIH 


Input leakage current 


atV;=OV hy 
at Vv ==) Vppb | IL 
Input capacitance Cy 
EFAB, SDAB (note 2) 
Input voltage LOW (note 1) VIL 
Input voltage HIGH (note 1) | VIH 


Input leakage current 


atV;=O0V Iu 

at Vi= Vpp jut 
Input capacitance | Cy 
CLAB, SCAB, ATSB, MUSE (note 3) | 
Input voltage LOW (note 1) Vit 
Input voltage HIGH (note 1) Vi 
Input leakage current 

at V; =OV tu 

at Vi=Vpp i Iyy 
Input capacitance Cc; 


Crystal oscillator (see Fig. 9) 
Input XIN 

Output XOUT (note 4) 

Mutual conductance at 100 kHz 


Small signal voltage gain 
(Ay = Gm x Ro) 
Input capacitance 
Feedback capacitance 
Output capacitance 


Input leakage current 
at Vj; =OV 
at V;}=Vpp 


LA 


pF 


mA/V 
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parameter f symbol i min. typ. 
Slave clock mode | 


Input voltage (note 5) 


(peak-to-peak value) Vi (p-p) 1,6 
Input voltage LOW (note 6) VIL 0 
Input voltage HIGH (note 6) VIH 2,4 
Input rise time (note 7) tr — 
Input fall time (note 7) tt ier 
Input HIGH time at 2 V 

(relative to clock period) tHIGH 35 


Outputs (note 4) 
DABD, CLBD, WSBD 
Output voltage LOW | 


atloL=0,8mA VOL 0 | 
Output voltage HIGH 
at —lIoH =0,2 mA VOH 2,4 
Load capacitance CL | -— | 
XSYS (note 8) 
| Output voltage LOW VOL 0 
| Output voltage HIGH | VOH 24 | 
Load capacitance | CL | - 
DOBM | 
Voltage across a 75 2 load 
via attenuator; see Fig. 10 
(peak-to-peak value) VLip-p) 0,4 
D.C. offset voltage Vipc —0,05 
TIMING 
Operating frequency (XTAL) fXTAL 11,2896 


Inputs (see Fig. 12) 
SCAB, CLAB (note 9) 
SCAB clock frequency 


(burst clock) fSCAB 
CLAB clock frequency fCLAB 

or (note 10) fCLAB 
Clock LOW time tCKL 
Clock HIGH time tCKH 
Input rise time tr 


<i Input fall time tf 
| Apri! 1987 703 
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CHARACTERISTICS (continued) 


Parameter | symbol min. typ. | max. | unit 
DAAB, WSAB, EFAB (note 11) ‘i. =| 
Data set-up time tSU; DAT 40 — = ns 
Data hold time tHD; DAT 0 - - ns 
Input rise time tr - - 20 ns 
Input fall time tf - - 20 ns 
SDAB (note 12) | 

Subcode data set-up time tSU; SDAT 40 zs ss ns 
Subcode data hold time tHD; SDAT 0) - - ns 
Input rise time tr | a | - 20 ns 
Input fall time | tf a | = 20 ns 
Outputs (see Figs 13 and 14) 

WSBD (notes 9 and 13) | | 
Word select set-up time | tSU; WS 40 - = ns | 
Word select hold time | tHD: WS (e) = _ ns 
WSBD (note 9) | | | 

Output rise time | tr | = =- 20 ns | 
Output fall time j tf - 20 ns | 
DABD (notes 9 and 13) } } 
Data set-up time | tsuU: DATD | 40 = = | ns 
Data hold time | tHD: DATD 0 - - ns 
DABD (note 9) | 

Output rise time tr -- - 20 ns 
Output fall time tf - =_ 20 ns 
CLBD (notes 9 and 13) 

Clock period tcK 161 177 197 ns 
Clock LOW time tCKL 65 — - ns 
Clock HIGH time tCKH 65 - - ns 
Clock set-up time tSuU: CLD 40 - - ns 
Clock hold time tHD; CLD 0 - = ns 
CLBD (note 9) 

Output rise time tr ns 
Output fall time tf ns 
DABD (notes 9 and 14) 

Data set-up time tSU; DATBD 


Data hold time tHD; DATBD 
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parameter symbol 
Outputs (continued) fF ay aie nt 
WSBD (notes 9 and 14) 
Word select set-up time tsU:DATWsp | 40 = 
Word select hold time | tHD; DATWsSD | 60 - 
DOBM (note 15) 
Output rise time tr - - 
Output fall time | tf = = 20 
Data bit O (note 16) 
pulse width HIGH tHIGH(0) 336 354 372 
pulse width LOW tLow(o) | 336 354 372 
Data bit 1 (note 17) | 
pulse width HIGH tHIGH(1) 172 | 177 182 
pulse width LOW tLow(1) 172 177 182 
XSYS 
Output rise time (note 9) tr — - 
Output fall time (note 9) 
Output HIGH time at 2 V 


(relative to clock period) 


Purchase of Philips’ 12S components conveys a license under the 
Philips’ 12S patent to use the components in the |?S-system 
provided the system conforms to the I?S specification defined 
by Philips. 


A Philips publication ‘17S bus specification” is available on request . 
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Notes to the characteristics 


Minimum V |, and maximum Vj, are peak values to allow for transients. 
Inputs EFAB and SDAB both have internal pull-downs. 

Inputs CLAB, SCAB, ATSB and MUSB have internal pull-ups. 

All outputs are short-circuit protected except crystal oscillator output. 

If used in a.c. coupled mode. 

Vin —VIL2 1,6 V. 

Reference levels = 10% and 90%. 

The output current conditions are dependent on the drive conditions. 


When a crystal oscillator is being used the output current capability is Io, = + 0,8 mA; 
1OH = —0,2 mA. But if a slave input is being used the output currents are reduced to Ig, =+0,2mA; 
IoH = —0,2 mA. 

9. Reference levels = 0,8 V and 2,0 V. 

10, The signal CLAB can run at either 2,8 MHz (1/4 system clock) or 1,4 MHz (1/8 system clock) under 


typical conditions. It does not have a minimum or maximum frequency, but is limited to being 1/4 
or 1/8 of the system clock frequency. 


@NOAARWN > 


11. Input set-up and hold times measured with respect to clock input from A-chip (CLAB). Reference 
levels = 0,8 V and2,0V. 


12. Input set-up and hold times measured with respect to subcode burst clock input from A-chip (SCAB). 
Reference levels = 0,8 V and 2,0 V. 


13. Output set-up and hold times measured with respect to system clock output (XSYS). 
14. Output set-up and hold times measured with respect to clock output (CLBD). 


15, Output rise and fall times measured between the 10% and 90% levels; the data bit pulse width 
measured at the 50% level. 


16. Data bit 0 pulse width times are typically system clock period (1/fytaL) x 4. Maximum and mini- 
mum values are + 5% of this time. Values shown are for fy tay = 11,2896 MHz, but these will 
change accordingly if fx7 at changes. 


17, Data bit 1 pulse width times are typically system clock period (1/fyxta_) x 2. Maximum and mini- 
mum values are + 2,5% of this time. Values shown are for fytay = 11,2896 MHz, but these will 
change accordingly if fytay changes. 
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SUBCODING ERROR FLAG 
CRC ERROR BIT (not used SAA7220) SYNC (active LOW) 


SES TAR OD G0 C) C2 CD 09 C9, CD OO GES 
) 


S| Lon ss4:sine 7280744 


2,8224MHz BURST CLOCK 
Subcode word frequency = 7,35 kHz. 


Fig. 8 Typical subcode data input waveforms. 


11,2896 MHz 14| DOBM 
XOUT 
0,1 uF 
load 
f 912 762 
XIN 
a 7Z80746.1 
7280745 Tolerance of resistors = 1% 
Oscillator catalogue no. 4322 143 05031 
Fig. 9 Crystal oscillator circuit. Fig. 10 Digital audio output load. 
| sync. | biphase-mark 
waveform | il lI | i ill | || 
data bit sequence COO A 10) O06. Ted 
cell sequence 0111010001011001010110100110100 
7Z94892 


Fig. 11 Biphase-mark code. 
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TIMING 


7280747 


Fig. 12 Data input timings; reference levels = 0,8 V and 2,0 V. 
(also applicable to subcode data input (tsy; SDAT and tHD: SDAT)- 
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XSYS 


CLBD 


HD; WS 
su; WS 


WSBD 


> |*"HD; DATO 
tsu; DATD 


DABD x< < 


7294893 


Fig. 13 Data output timings with respect to system clock output (XSYS); 
reference levels = 0,8 V and 2,0 V. 


CLBD 


HD; DATWSO | tsu DATWSD 


WSBD 


THD; DATBD ‘su; DATBD 
6 t ne 


OABD 


7294894 


Fig. 14 Data output timings with respect to clock output (CLBD); 
reference levels = 0,8 V and 2,0 V. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice, 


SAA7274 


AUDIO DIGITAL INPUT CIRCUIT (ADIC) 


GENERAL DESCRIPTION 


The SAA7274 is an Audio Digital Input Circuit (ADIC) which converts a 2-channel stereo digital audio 
signal conforming to the Philips/Sony format into an equivalent binary value of data and control bits. 
The output function of this device is to convert the equivalent binary value of the data bits (for each 
channel) into a serial digital audio signal conforming to the 17S format. 


Features 


@ |?S bus output 
© Biphase audio signal (Philips/Sony format) operating at TTL levels 


QUICK REFERENCE DATA 


parameter conditions symbol 
Supply | 
Supply voltage range Vpp 
Inputs except IBIFA 
Input voltage HIGH VIH 
Input voltage LOW VIL 
Input current Vi=OV -|y 
Vj =5.5V \ 
Input capacitance Cc; 
Outputs except OSCL 
Output voltage HIGH -IOQH=2mA 
Output voltage LOW loL=2mA 


Operating ambient 
temperature range 


PACKAGE OUTLINES 


SAA7274P: 24-lead DIL; plastic (SOT101A). 
SAA7274T: 24-lead mini-pack; plastic (S024; SOT137A). 
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SAA7274 


internal clock signal 


1OSCL OSCILLATOR 


IFDEN 


OPHA 
ABIES PHASE & 
FREQUENCY OREF 
internal COMPARATOR 


IPHEN 


INGAP DATA & BLOCK 
PREAMBLE OLoc 
internal DETECTOR 
clock 


17 STAGE 
SYNCHRONOUS 
DIVIDER 


internal 
clock 


CHANNEL & 

USER CODE 

32-BIT SHIFT OPRE 
REGISTER DETECTION 


Vpp 
ITEST 


Vss 


nVSEE DUAL PARALLEL 
INPUT TO 24-BIT OSDA 
SHIFT REGI 

IDACL aap 


7Z81432.1 


Fig.1 Block diagram. 
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PINNING 
SAA7274 
7Z81428.1 
Fig.2 Pinning diagram. 

<q Power supply 
E Vppb positive supply voltage (5 V) 
= Vss ground (0 V) 
é Input (capacitive/CMOS with protection) 
IBIFA biphase input signal (min. 1 MHz; max. 3.1 MHz) 
a Inputs (CMOS protection) 
Zz ~-INCAP capacitive input enable 
a IFDEN frequency detector enable 

IPHEN phase-locked loop edge selector 

ITEST test input enable 

IDACL data clock input signal (max. 5 MHz) 

IWSEL word select input signal (max. 50 kHz) 


IDOEN output enable 
IOSCL clock oscillator input (min. 8 MHz; max. 12.5 MHz) 


Outputs (CMOS push-pull) 


OCDB control data bits (max. 400 kHz) 

OLOC out-of-lock signal 

OREF phase reference signal (max. 6.2 MHz) 

OPHA phase output signal (max. 6.2 MHz) 

OPRE pre-emphasis level 

OSCU user clock/copy-bit signal (max. 3.1 MHz) 

OSDU user data/pre-emphasis (max. 3.1 MHz) 

OSCL system clock buffer (min. 8 MHz; max. 12.5 MHz) 
OOSC clock oscillator output (min. 8 MHz; max. 12.5 MHz) 
Outputs (3-state push-pull) 

OBSY block synchronization output signal (1/49152 system clock) 
OWSY word clock output signal (1/256 system clock) 
ODCL data clock output signal (1/4 system clock) 

OSDA data output signal (max. 2.5 MHz) 
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FUNCTIONAL DESCRIPTION 


Main function 


The biphase input signal must conform to the Philips/Sony format, as well as satisfying the following 
conditions: 

number of channels: 2 

transmission code: biphase mark 

synchronization method: biphase violation 

number of data bits: 24, starting with the LSB 

number of control bits: 4 

preamble values: 


preceding cell 0 1 
block preamble 11101000 00010111 | 


The main function performs the following tasts: 


@ Provides the output function with the equivalent binary value of the data bits separately for each 
of the two channels. These values are available until new information is received. 


@ To select the biphase input signal (IBIFA) with standard LOCMOS levels when capacitive input 
enable (INCAP) is LOW. 
To select the biphase input signal capacitively coupled via an internal amplifier to the circuit logic 
when INCAP is HIGH. 


@ Generates an out-of-lock output signal (OLOC) which is HIGH when the frequency of the biphase 
input signal is equal to 1/4 of the system clock frequency and when the block preambles are 
detected in the biphase input signal. 


© If the biphase input signal is not present after 32 clock pulses, then the output OSCU is forced 
HIGH and outputs OSDU, OPRE, OLOC, OCDB and OSDA are forced LOW. 


© Generates a data clock output signal (ODCL) with a frequency of 1/4 of the system clock. When 
a block preamble is detected in the biphase input signal ODCL is synchronized to a LOW value. 


@ Generates a word clock output signal (OWSY) with a frequency of 1/256 of the system clock. 


When a block preamble is detected in the biphase input signal OWSY is synchronized to a LOW 
value. 


@ Generates a block synchronization output signal (OBSY). This signal is HIGH during 4 system 
clock periods and has a frequency of 1/49152 of the system clock. The signal is synchronized with 
the block preambles of the biphase input signal. 


© Generates a phase output signal (OPHA) and a phase reference signal (OREF). If the frequency of the 
biphase input signal (IBIFA) equals 1/4 of the system clock frequency (f|QSCL/4) then the IC 
generates OPHA and OREF as shown in Fig.3. 
If the frequency of the biphase input signal (IBIFA) is greater or less than 1/4 of the system clock 
frequency then the IC generates OPHA and OREF as shown in Fig.4. 
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IBIFA ! ' Hy 1 


OPHA ! 


OREF fraqer coment cers! runt shal aeeG: § sruxeo| 9683 peer metets| 


—— {piFa * ttoscu/4 —_—_-A___—_—_—_e> 


7221695 


Fig.3 Generation of phase output signal (OPHA) and phase reference signal (OREF); fipifFA= fioscL/4. 


see Fig.3 


OPHA 


OREF 
see Fig. 3 


fiaiea <floscL/4—>| 


4 
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emer fipira > floscL/4 —_—+|< 
‘wira = f10scL/4 
7Z21696 


Fig.4 Generation of phase output signal (OPHA) and phase reference signal (OREF); figiFA # fioscL/4. 
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FUNCTIONAL DESCRIPTION (continued) 


Output function 
The output function performs the following tasks: 
@ Provides the data output (OSDA) with the data bits from each channel in the following order: 


eee een ee ee 


® Outputs the data of the right and left channel. When word select input signal (IWSEL) is HIGH the 
data of the right channel is output and when LOW the data of the left channel is output. 


© Delivers serial data to the OSDA output, if IDOEN = HIGH. This occurs on each negative 
transition of the data clock input signal (IDACL). Following a status change at the word select 
input (IWSEL), the data (MSB first) is output on the first negative transition of IDACL. 
If the number of clock pulses in a word exceeds 24, then the following bits will be internally 
set to zero. 


@ Generates the following subcodes: 


series 1, O 0 LUTs sD SIRO) «1 00 
seriesi26 (CREi40: “Vile UT) TteSP ORI» QT tH <0 
series3, O 0. WI_LNV1. Ulie Ti» Sip JR1. O1¢1 

and after receiving the next user byte: 

series 4, O O W2 V2 U2 T2 S2 R2 Q21 ete. 


@ |f the value of the category bits, bits 9 to 16 of the input signal, = 10000000 (compact disc format) 
and the value of the mode bits, bits 7 and 8, = 00, the user data output (OSDU) will deliver the 
bits of the subcode following the specified lay-out (above). The subcode starts only after receipt 
of at least 16 zero bits. Simultaneously a user clock signal (OSCU) consisting of 10 clock pulses 
is present. The output signal starts when a subcode is completed and is clocked on the negative 
transition of OSCU. The first data word of each subcode frame is output 3 times in succession 
with the data pattern shifted each time as outlined for series 1 through series 3 in the layout 
given above. The CRC performs a check on the 96 Q bits of the preceding subcode. |f CRC is 
correct then the CRC bit = 1. 


@ Channel status: 


copy permitted 
- pre-emphasis 


1 2° 3 4 Sy 6 8 OPO 1 12 ds ae 1B: 16 


If the value of the category bits do not equal 10000000 (compact disc format) and the value of 
the mode bits equals 00 (mode 0), then: 


output OSDU indicates the status of bit 4 (pre-emphasis) of the channel status and output 
OSCU indicates the status of bit 3 (copy permitted) of the channel status provided the control 
bits conform to the 2-channel audio signal format. 


e@ Uses the output pre-emphasis (OPRE) to indicate the status of bit 4 of the channel status for a 
2-channel audio signal. 


@ Outputs the 4 control bits of the biphase input signal (IBIFA) represented by V, U, C and P at 
OCDB. The output delivers the bits in the same sequence during the next word, each bit continues 
for 32 clock pulses. 
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Additional input and output signals 


The following input and output signals are available from this circuit: 

© Phase output signal (OPHA) and phase reference signal (OREF) for use in a phase-locked loop (PLL). 
The OPHA signal is a result of the difference between the frequency and phase of the biphase input 
signal and the system clock. OREF signal provides the reference signal for the PLL. 


Input signal IFDEN enables the frequency detector. The frequency detection as present in the 
2 signals OPHA and OREF can be enabled by taking this signal LOW. 


Data clock output signal (ODCL), which has a frequency of 1/4 of the system clock frequency. 
Word clock output signal (OWSY), which has a frequency of 1/256 of the system clock frequency. 
Block synchronization output signal (OBSY), which has a frequency of 1/49152 of the system clock. 


ODCL, OWSY and OBSY will be synchronized to the block preambles in the biphase input signal 
IBIFA. 


@ Outputs ODCL, OWSY, OBSY and OSDA are enabled via a 3-state mode by input IDOEN. 


e@ IPHEN input selects dual or single edge detection of the input signal IBIFA in the phase detector. 
A low level selects the single-edge detection mode. 


® Out-of-lock signal (OLOC). This output is LOW if the PLL is out-of-lock, or no block preambles 
are present in the biphase input signal IBIFA. 


@ User data/pre-emphasis output signal (OSDU). After receiving a category code of mode 0 from a 
non-compact disc source this signal outputs the pre-emphasis bit of the channel status bits in 
the biphase input signal. If the category code of mode 0 is from a compact disc source then the 
user data bits from the subcode channel including the CRC check on the 96 preceding QO bits 
are output. 


@ User clock/copy bit output signal (OSCU). After receiving a category code of mode O from a 
non-compact disc source then the copy bit of the channel status bits in the biphase input signal 
is output. If the category code of mode 0 is from a compact disc source then 10 clock pulses for 
the ‘user data’ are output. 


DEVELOPMENT DATA 


@ Pre-emphasis level output signal (OPRE), which indicates the value of the pre-emphasis bit of the 
channel status bits after receiving the two-channel audio fromat in the biphase input signal 
(IBIFA). 

Control data bits output signal (OCDB), which contains the 4 control bits of each word of the 
biphase input signal. 

Input ITEST is used for device tests at the factory only, for normal operation it has to be 
connected to Vss. 


Clock oscillator 


The clock oscillator of the circuit can be formed by connecting either LC components or a crystal 
or a ceramic resonator between the oscillator input and output pins. 


The circuit can also be driven by an external signal source applied to the oscillator input. The 
oscillator output is buffered and available at pin OSCL. The internal circuitry is driven via an 
inverter, which is connected to the buffered output. This allows all the output signals (especially 
ODCL, OWSY and OBSY) to change their state after a pulse from OSCL, independent of the 
capacitive load of the OSCL pin. All output signals of the circuit are triggered on the positive 
transition of the buffered OSCL signal. 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage range 
Input voltage 

Maximum input current 
Maximum output current 


Maximum supply current in Vgg 


Maximum supply current in Vpp 
Maximum power dissipation per output 
Total power dissipation 

Storage temperature range 


Operating ambient temperature range 


Parameter | conditions 


note 1 


Note 


1. Input voltage should not exceed 7 V unless otherwise specified. 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 


“Handling MOS Devices’’). 


by Philips. 
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Purchase of Philips’ 17S components conveys a license under the 
Philips’ 17S patent to use the components in the |?S-system 
provided the system conforms to the I?S specification defined 


Audio Digital Input Circuit (ADIC) SAA7274 


DC CHARACTERISTICS 
VppD = 4.5 to 5.5 V; Tamb = —40 to + 70 OC, unless otherwise specified 


= 


parameter conditions 


Supply 
Supply current 


| note 2 Ipp 
Inputs 
IBIFA | 
Input voltage 
(peak-to-peak value) note 3 Vi(p-p) —— 


Input voltage 
(non-active) 


INCAP=Vpp | Vi 


All other inputs 
Input voltage HIGH VIH 
Input voltage LOW | VIL 
Fe Input current Vv; =0V —ly 
E Vv) =5.5V ly 
3 Input capacitance Cj 
i Outputs 
5 OSCL 
a Output voltage HIGH —-loL=8mA | VOH 
a Output voltage LOW loL=10mA VOL 


All other outputs 


Output voltage HIGH -—loL=2mA {| VOH 
Output voltage LOW loL=2mA VOL 
OSDA, ODCL, OWSY, OBSY 

Output leakage current 3-state 


OWSY, ODCL and OBSY 
Load capacitance 

OSCL 

Load capacitance 

All other outputs 


Load capacitance 


Notes to the DC characteristics 

1. Vo = Vpp, !o = 0 mA on all outputs and V| = Vss on all inputs, except INCAP which must be at 
Vss. 

2. fOSCL = 11.3 MHz. 

3. INCAP = Vpp, fmin = 1 MHz, tr and tf = 10%. 


* Value to be fixed. 
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AC CHARACTERISTICS 
Vpp = 4.5 to 5.5 V; Tamb = —40 to + 70 OC, unless otherwise specified 


parameter 


conditions 


Clock frequency 
1OSCL 
Timing pulse LOW tPL 
Rise and fall time tr, tf - - 10 ns 
Set-up and hold times 
IWSEL to IDACL see Fig.5 
Data set-up time tsu 1 = = z 
Data hold time tHD = = 1 a) 
Proagation delays 
IOSCL to OSCL tp = _ 10 ns 
IDACL to OSDA tp - = 50 ns 
OSCL to OWSY and ODCL 
HIGH-to-LOW tPHL 10 j— 50 ns 
LOW-to-HIGH tPLH 10 |- 50 ns 
Rise and fall times 
OSCL 
Rise and fall time TTL levels = 0.4 to2 V tr, tf - - 5 ns 
Rise and fall time CMOS levels = 10 to 90% Vpp|tr, tf _ = 15 ns 
OWSY and ODCL 
Rise and fall time TTL levels = 0.4 to2 V tr, tf - = 10 ns 
Rise and fall time CMOS levels = 10 to 90% Vpp |tr, tf - = 40 ns 


IDACL 
tHD tsy ness 


IWSEL 


7281430.1 


Fig.5 Set-up and hold time diagram. 


* Clock periods of OSCL. 
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DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


SAA7310 


CMOS DECODER FOR COMPACT DISC SYSTEMS 


GENERAL DESCRIPTION 


The SAA7310 (CD3A) incorporates the functions of demodulator, subcoding processor, motor speed 
control, error corrector and concealment in one CMOS chip. The device accepts data from the disc and 
outputs serial data via the Inter IC signal bus (17S) directly to a digital-to-analogue converter (such as 
the stereo CMOS dual DAC; SAA7320). The |?S output can also be fed via the stereo interpolating 
digital filter SAA7220 which provides additional concealment plus over-sampling digital filtering. 

The SAA7310 is available in both 40-pin DIL and 44-pin QF? packages. 


Features 


Adaptive slicer with high-frequency level detector for input data 

Built-in drop-out detector to prevent error propagation in adaptive slicer 

Fully protected timing synchronization to incoming data 

Eight-to-Fourteen Modulation (EFM) decoding 

Adaptive CIRC error correction enabling 4 erroneous symbols per frame (32 symbols) to be corrected 
Subcoding microprocessor handshaking protocol 

Motor speed control logic which stabilizes the input data rate 

Error flag processing to identify unreliable data 

Concealment to replace uncorrectable data 

17S bus for data exchange 

Bidirectional data bus to external RAM (16 K x 4 bits) with 64-frame FIFO capacity 
Demodulator PLL requiring virtually no peripheral components 

Replacement for the CD2A 

Low power consumption (typ. 175 mW) 

Track loss correction by additional muting 

Non-digital audio interface application (such as CD-ROM or CD-1) 

2-package option 

—40 to +85 OC operating temperature range 


QUICK REFERENCE DATA 


parameter symbol 
Supply voltage VpbD 
Supply current Ipp 
Data slicer input voltage 
(peak-to-peak value) Vi(p-p) 
Oscillator operating frequency 
XTAL fXTAL 11,2896 
VCO (PLL locked on to data) | fyco1 4,3218 
Output current (each output) lo - 


Operating ambient temperature Tamb - 


PACKAGE OUTLINES 


SAA7310P — : 40-lead DIL; plastic (SOT129). 
SAA7310GP : 44-lead QFP; plastic (SOT205A). 
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CMOS decoder for compact disc systems SAA7310 


16K4 DRAM 
2. 
(18 pins) 1*S output 


(176,4kHz) = 13,3 MHz 


from 
rif; 
pre-amp. 


SAA7320 
(44-pin QFP) 


SAA7310 
(44-pin OFP or 40- pin DIL) 


mute from 
servo 


CMOS STEREO DAC 


CMOS DECODER 
drop-out 
signal 


Q-—channel mute disc motor attenuation mute 
subcoding from control from from 
data controller controller controller 
demodulation , error correction & basic concealment digital filtering & analogue post - filtering 


7Z95868 


Fig. 2 (a) Block diagram of SAA7310 as used with SAA7320. 


DEVELOPMENT DATA 
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CMOS decoder for compact disc systems SAA7310 


PINNING 
A? | 40] DINT2 
a3(2] [39] wsaB 
A2 | 38] CLAB 
ai[4 | DAAB 
Ao[5 | 36] EFAB 
As [6 | [35] scaB 
AS 134] SDAB 
as| 3 | | 33] SWAB/SSM 
RAS [9 | 132] DEEM/DINTI 
R/W [10] [31] QcL 
SAA7310 
MUTE |30] RA 
< 02 [12] [29] QDATA 
4 p1{13] | 28] CRI 
5 03 [14 | AM 
w 
= CAS [15 | | 26 | HFD 
3 D4 | 25] HFI 
> 
a MSC [24] FB 


7295875 


Fig. 3 Pinning diagram; for 40-lead DIL package. 
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PINNING (continued) 


[42] SWAB/SSM 
[41] DEEM/DINTI 
[40] act 
[39] TesT4 
[38] QRA 

QDATA 


35 
[44] SCAB 
[43] SoA 


EFAs | 1 | [33] TEST3 
Daas | 2 | HFI 
cian [ 3 | FB 
wsas [4 | 130] tret 
pint2[5 | PD/OC 
Test 1[ 6 | [28] Vop 
Ay Vss 
a3[8 | [26] XTALI 
A2[9 | | 25] xTAL2 
ai[10] [24] msc 
ao [11] | 23] D4 


lg 7295876 


Fig. 4 Pinning diagram; for 44-lead QFP package. 


732 August 1987 { 


CMOS decoder for compact disc systems SAA7310 


Pin functions 


pin no. mneumonic description 

DIL QFP 

1-8 7-14 AO - A7 Address: address outputs to external RAM. 

9 15 RAS Row Address Select: output to external RAM (4416) which uses 
multiplexed address inputs. 

10 16 R/W Read/Write: output signal to external RAM. 

11 18 MUTE Mute: input from the microprocessor. When mute is LOW the data 


output DAAB, pin 37 (2), is attenuated to zero in 15 successive 
divide-by-2 steps. On the rising edge of mute the data output is 
incremented to the first ‘good’ value in 2 steps. This input has an 
internal pull-up of 50 kQ (typ.). 


12-14 19-21 D1-D3 Data: data inputs/outputs to external RAM. 

15 22 CAS Column Address Select: output signal to external RAM. 

16 23 D4 Data: data input/output to external RAM. 

17 24 MSC Motor Speed Control: open drain output which provides a pulse 


width modulated signal with a pulse rate of 88 kHz to control the 
rate of data entry. The duty factor varies from 1,6% to 98,4% 


< in 62 steps. 
a When a motor-start signal is detected via pin 33 (42) (SWAB/SSM) 
= the duty factor is forced to 98,4% for 0,2 seconds followed by 
ce a normal calculated signal. After a motor-stop signal is detected 
= the duty factor is forced to 1,6% for 0,2 seconds, followed by 
° a continuous 50% duty factor. 
$ 18 25 XTAL2 Crystal oscillator output: drive output to clock crystal 
4 (11,2896 MHz typ.). 

19 26 XTAL1 Crystal oscillator input: input from crystal oscillator or slave 

clock. 

20 27 Vss Ground: circuit earth potential. 

21 28 Vppb Power Supply: positive supply voltage (+ 5 V). 

22 29 PD/OC Phase Detector output/ Oscillator Control input: outputs of the 


frequency detector and phase detector are summed internally, 
then filtered at this pin to provide the frequency control signal 
for the VCO. 


23 30 lref Current reference: external reference input to the phase detector 
and data slicer. This input is required to minimize the spread in 
the charge pump output of the phase detector and data slicer. 


24 31 FB Feedback: output from the input data slicer. 
This output is a current source of 100 uA (typ.) which changes 
polarity when the level detector input HFI at pin 25 (32) rises 
above the threshold voltage of 2 V (typ.). When a data run 
length violation is detected (e.g. during drop-out), or when HFD 
at pin 26 (34) is LOW, this output goes to a high impedance state. 
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Pin functions (continued) 


pin no. mneumonic description 
DIL QFP 
25 32 HFI High-Frequency Input: level detector input to the data slicer. 


A differential signal of between 0,5 and 2,5 V (peak-to-peak value) 
is required to drive the data slicer correctly. When a Tmax 
violation is detected or when HFD is LOW, this input is biassed 
directly to its threshold voltage 

26 34 HFD High-Frequency Detector: when HIGH this input signal enables 
the frequency and phase detector inputs, also the feedback 
output (FB) from the data slicer. 
An internal voltage clamp of 3 V (typ.) requires the HFD input 
to be fed via a high impedance. This input has an internal pull-up 
of 50 kQ (typ.). 

a0 35 AM Additional Mute: This pin is normally held HIGH. 
Should track loss occur the pin should be taken LOW and then the 
data is forced LOW at the pre-F|FO stage. The muted data will then 
be corrected after de-interleaving. 
Note With DINT2, DEEM/DINT1, FB set to logic 0 and SDAB, 
SCAB set to logic 1, this pin becomes the demodulator clock 
output (CEFM) of the SAA7210 (CD2A). 

28 36 CRI Counter Reset Inhibit: when LOW this input signal allows the 
divide-by-588 master counter in the DEMOD timing to run-free. 
This input has an internal pull-up of 50 kQ (typ.). 

29 37 QDATA Q-channel Data: this subcoding output is parity checked and 
changes in response to the Q-channel clock input (see subcoding 
microprocessor handshaking protocol). 


30 38 QRA Q-channel Request input/Acknowledge output: the output has 
an internal pull-up of nominally 10 kQ. (see subcoding 
microprocessor handshaking protocol). 


31 40 QcL Q-channel Clock: clock input generated by the microprocessor 
when it detects a QRA LOW signal. 
32 41 DEEM/DINT1 De-emphasis output and data interpolated input: signal derived 


from one bit of the parity-checked Q-channel and fed out via 
the debounce circuit in DEEM mode. When using the CD3A in 
a non-digital audio application this pin should be set HIGH 
(with DINT2 set LOW) to prevent data being interpolated. 
Note This pin should only be used in its input mode when 
DINT2 is LOW. 


33 42 SWAB/SSM _ Subcoding Word clock output and Start/Stop Motor input: open 
drain output which is sensed during each HIGH period and if 
externally forced LOW a motor-stop condition will! be decoded 
and fed to the motor control logic circuit. When allowed to 
return HIGH, the motor will start. This open-drain output has 
an internal pull-up of 10 kQ (typ.). 
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Pin functions 


pin no. 
DIL 
34 


35 


36 


37 


38 


39 
40 


DEVELOPMENT DATA 


arp 


43 


44 


6 

17 
33 
39 


mneumonic 


SDAB 


SCAB 


EFAB 


DAAB 


CLAB 
WSAB 
DINT2 


TEST1 
TEST2 
TEST3 
TEST4 


Note to the pin functions 


description 


Subcoding Data: a 10-bit burst of data, including flags and sync 
bits, is output serially once per frame clocked by burst clock 
output SCAB (see Fig. 6). 

Subcoding Clock: a 10-bit burst clock 2,8224 MHz (typ.) output 
which is used to synchronize the subcoding data. 

Error Flag: output from interpolation and mute circuit indicating 
unreliable data. 

Data: this output together with its clock (CLAB) and word 
select (WSAB) outputs, conforms to the |?S bus format 

(see Fig. 7). 

Clock: 17S output. 

Word Select: 17S output. 

Data interpolated input: this pin should normally be set HIGH. 
When using the CD3A in a non-digital audio application this pin 
should be set LOW (with DEEM/DINT1 set HIGH) to prevent 
data being interpolated. 


The following pins apply to the 44-pin QFP package only: 


Test output 1 
Test output 2 
Test output 3 
Test output 4 


The pin sequence of the address outputs (AO - A7) and the data outputs (D1 - D4) has been selected 
to be compatible with various dynamic 16 K x 4-bit RAMs including the 4416. 
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FUNCTIONAL DESCRIPTION 


All references to pin numbers show the 40-lead DIL pin first followed by the 40-lead QFP pin in 
parenthesis. 


Demodulation 


Data read from the disc is amplified and filtered externally and then converted into a clean digital 
signal by the data slicer. The data slicer is an adaptive level detector which relies on the nature of the 
eight-to-fourteen modulation system (EFM) to determine the optimum slicing level. When a signal 
drop-out is detected (via the HFD input, or internally when a data run length violation is detected) 
the feedback (FB) to the data slicer is disabled to stop drift of the slicing level. 


Two frequency detectors, a phase detector and a voltage-controlled oscillator (VCO) form an 
internal phase-lock loop (PLL) system. The voltage-controlled oscillator (VCO) runs at the input 
data rate (typically at 4,3218 MHz), its frequency being dependent on the voltage at pin 22 (29) 
(PD/OC). One of the frequency detectors compares the VCO frequency with that of the crystal 
clock to provide coarse frequency-control signals which pull the VCO to within the capture range 
of fine frequency control. Signals for fine frequency control are provided by the second frequency 
detector which uses data run length violations to pull the VCO within the capture range of the PLL. 
When the system is phase-locked the frequency detector output stage is disabled via a lock indication 
signal. The VCO output provides the main demodulator clock signal which is compared with the 
incoming data in the phase detector. The output of the phase detector, which is combined internally 
with the frequency detector outputs at pin 22 (29), is a positive and negative current pulse with 

a net charge that is dependent on the phase error. The current amplitude is determined by the 
current source |-ef connected to pin 23 (30). 


The demodulator uses a double timing system to protect the EFM decoder from erroneous sync 
patterns in the data. The protected divide-by-588 master counter is reset only if a sync pattern occurs 
exactly one frame after a previous sync pattern (sync coincidence) or if the new sync pattern occurs 
within a safe window determined by the divide-by-588 master counter. If track jumping occurs 

the divide-by-588 master counter is allowed to free-run to minimize interference to the motor speed 
controller; this is achieved by taking the CRI input at pin 28 (36) LOW to inhibit the reset signal. 


The sync coincidence pulse is also used to reset the lock indication counter and disable the output 
from the fine frequency detector. If the system goes out of lock, the sync pulses cease and the lock 
indication counter counts frame periods. After 63 frame periods with no sync coincidence pulse, 
the lock indication counter enables the frequency detector output. 


The EFM decoder converts each symbol (14 bits of disc data + 3 merging bits) into one of 256 8-bit 
digital words which are then passed across the clock interface to the subcoding section. An additional 
output from the decoder senses one of two extra symbol patterns which indicate a subcoding frame 
sync. This signal together with a data strobe and two error flags are also passed across the clock 
interface. The error flags are derived from the HFD input and from detected run length violations. 
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FUNCTIONAL DESCRIPTION (continued) 


Subcoding 

The subcoding section has four main functions 
@ Q-channel processor 

@ De-emphasis output 

@ Pause (P-bit) output 

@ Serial subcoding output 


The Q-channel processor accumulates a subcoding word of 96 bits from the Q-bit of successive subcoding 
symbols, performs a cyclic redundancy check (CRC) using 16 bits and then outputs the remaining 

80 bits to a microprocessor on an external clock. The de-emphasis signal (DEEM) is derived from one 
bit of the CRC-checked Q-channel. The DEEM output pin 32 (41) is additionally protected by a 
debounce circuit. 


The P-bit from the subcoding symbol, also protected by a debounce circuit, is output via the serial 
subcoding signal (SDAB) at pin 34 (43). The protected timing used for the EFM decoder makes this 
output unreliable during track jumping. 


The serial output consists of a burst of 10 bits of data clocked by a burst clock (SCAB). The 10 bits 

are made up from subcoding signal bits Q to W, the Q-channel parity check flag, a demodulator error 
flag and the subcoding sync signal. At the end of the clock burst this output delivers the debounced 

P-bit signal which can be read externally in the rising edge of SWAB at pin 33 (42); see Fig. 6. 


Q-CHANNEL PARITY CHECK FLAG SUBCODING ERROR FLAG SYNC (active LOW) 


(0 = FAIL) \ 
scocelie acca a A OS OD) Ge i Cb 
i} 
1 


SWAB \, ~50% DUTY FACTOR 7.35 kHz 
1 


60 
2.8224 MHz BURST CLOCK rzeos0s 


Fig. 6 Typical subcoding waveform outputs. 
Pre-FIFO 


The 10 bits (8 bits of symbol data + 2 error flag bits) which are passed from the demodulator across 
the clock interface to the subcoding section are also fed to the pre-FIFO with the addition of two 
timing signals. These two timing signals indicate: 

(1) That a new data symbol is valid 

(2) Whether the new data symbol is the first symbol of a frame 


The pre-FIFO stores up to 4-symbols (including flags) and acts as a time buffer between data input 
and data output. Data passes into the pre-FIFO at the rate of 32 symbols per demodulator frame and 
the symbols are called from the pre-FIFO into RAM storage at the rate of 32 symbols per error- 
correction frame. The timing, organized by the master controller, allows up to 40 attempts to write 
32 symbols into the RAM per error-correction frame. The 8 extra attempts allow for transient changes 
in clock frequency - 
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Data control 


This section controls the flow of data between the external RAM and the error corrector. Each symbol 
of data passes through the error corrector two times (correction processes C1 and C2) before entering 
the concealment section. 


The RAM interface uses the full crystal frequency of 11,2 MHz to determine the RAM access wave- 
forms (the main clock for the system is 5,6 MHz). One RAM access (READ or WRITE) uses 12 crystal 
clock cycles which is approximately 1 us. The timing (see Fig. 8) is based upon the specification for 

the dynamic 16 K x 4-bit RAM (4416). This RAM requires multiplexed address signals and therefore, in 
each access cycle, a row address RAS pin 9 (15) is set up first and then three 4-bit nibbles are accessed 
using sequential column addresses CAS pin 15 (22). As only 10 bits are used for each symbol (including 
flags), the fourth nibble is not accessible. 


There are 4 different modes of RAM access: 


e@ WRITE 1 
@ READ 1 
e@ WRITE 2 
@ READ 2 


During WRITE 1, data is taken from pre-FIFO at regular intervals and written into one half of the 
RAM. This half of the RAM acts as the main FIFO and has a capacity of up to 64 frames. During 
READ 1, the 32 symbols of the next frame due out are read from the FIFO. The numerical difference 
between the WRITE 1 and READ 1 addresses is used to control the speed of the disc drive motor. 


When a frame of data has been read from the FIFO it is stored in a buffer RAM until it can be accepted 
by the CIRC error correction system. At this time the error correcting strategy of the CIRC decoder 
for the frame is determined by the flag processor. The frame for correction is then loaded into the 
decoder one symbol at a time and the 32 symbols from the previous correction are returned to the 
buffer RAM. 


After the first correction (C1), only 28 of the symbols are required per frame. The symbols are stored 
in the buffer RAM together with new flags generated after the correction cycle by the flag updating 
logic. This partially-corrected frame is then passed to the external RAM by a WRITE 2 instruction. 
The de-interleaving process is carried out during this second passage through the external RAM. The 
WRITE 2 and READ 2 addresses for each symbol provide the correct delay of 108 frames for the 

first symbol and zero delay for the last symbol. 

After execution of the READ 2 instruction, the frame of 28 symbols is again stored in the buffer RAM 
pending readiness of the CIRC decoder and calculation of decoding strategy. Following the second 
correction (C2), 24 symbols including unreliable data flags (URD) are stored in the buffer RAM and 
then output to the concealment section at regular intervals. 


DEVELOPMENT DATA 


Flag processing 

Flag processing is carried out in two parts as follows: 

e@ Flag strategy logic 

@ Flag updating logic. 

While a frame of data from the external memory is being written into the buffer RAM, the error flags 
associated with that frame are counted. Two bits are used for the flags, thus ‘good’ data (flags = 00) 
and three levels of error can be indicated. 

The optimum strategy to be used by the CIRC error corrector is determined by the 2-bit flag informa- 
tion used by the flag strategy logic ROM in conjunction with its associated arithmetic unit (ALU). The 
flags for the C1 correction are generated in the demodulator and are based on detected signal drop-outs 
and data run length violations. Updating of the flags after C1 is dependent on the CIRC decoder correc- 
tion of that frame. The updated flags are used to determine the C2 strategy. After C2 correction a single 
flag (URD) is generated to accompany the data into the concealment section. 
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CIRC Decoding 


Data on the compact disc is encoded according to a cross-interleaved Reed-Solomon code (CIRC) and 
this decoder exploits fully the error-correction capabilities of the code. 


Decoding is performed in two cycles and in each cycle the CIRC decoder corrects data in accordance 
with the following formula: 


2tt+e=4 


Where: 


e = the number of erasures (erroneous symbols whose position is known). 

t= allowed number of additional failures which the decoder program has to find. 
The flag processor points to the erasure symbols and tells the CIRC decoder how many additional 
failures are allowed. If the error corrector is presented with more than the maximum it will stop and 
flag all symbols as unreliable. 


The CIRC decoder is comprised of two sections: 


Syndrome formation 


Four correction syndromes are calculated while the frame of data is being written into a symbol 
memory. From these syndromes errors can be detected and corrected. 


Microcoded correction processing 


The processor uses an Arithmetic Logic Unit (ALU) which includes a multiplier based on logarithms. 
The correction algorithm follows the microcode program stored in a ROM. 


Concealment 


This section combines 8-bit data symbols into left and right stereo channels. Each channel has a 16-bit 
capacity and holds two symbols (a stereo sample). The channels operate independently. A concealment 
operation is performed when a URD flag accompanies either symbol in a stereo sample. If a single 
erroneous sample is flagged between two ‘good’ samples then linear interpolation is used to replace 

the erroneous value. If two or more successive samples are flagged, a sample and hold is applied and 

the last of the erroneous samples is interpolated to a value between that of the hold and that of the 
following ‘good’ sample. 

When using the CD3A in a non-digital audio application, pins DINT2 and DEEM/DINT1 should be set 

to logic 0 and logic 1 respectively. The URD flag will then be disabled to prevent data being interpolated. 


If MUTE is requested, the data in each channel is attenuated to zero in 15 successive divide-by-two 
steps. At the end of a mute period the output is incremented to the first ‘good’ value in two steps 
using the interpolator. 

All erroneous data supplied to the concealment section continues to be flagged when it is output to 
the SAA7220 where it receives additional and more efficient concealment (see Fig. 9). 


DEVELOPMENT DATA 
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FUNCTIONAL DESCRIPTION (continued) 


7291661.1F 
8-sample 


basic 
aw) ‘rT SAA7220 interpolation 
| | |} N / / SAA7310 
{| ) / 


EFAB (error flag) 


Fig. 9 The SAA7220 can make an 8-sample linear interpolation, the SAA7310 a hold and single-sample 
interpolation. When interpolating more than 8 samples, a hold function operates in the SAA7220 before 
the interpolation. 


Non-digital audio applications 


The CD3A contains a special mode for non-digital applications such as CD-ROM and CD-1. In this mode 
the concealment section is not allowed to operate. The flagged output words of the error correction 
circuit are passed to the output DAAB without being affected by the interpolation circuit. The EFAB 
Output signal indicates unreliable output words on a sample basis when one or both bytes in a sample 
are unreliable. This is necessary as the CD-ROM/CD-| player performs its own error correction strategy 
on the data. The level of data integrity has to be much higher to ensure no errors occur in text or 
numerical information. 


Specifications of CD-ROM and CD-! modes are available on request. 


Motor speed contro! (see Fig. 10) 


The motor speed control (MSC) output from pin 17 (24) is a pulse-width modulated signal. The duty 
factor of the pulse-width modulation is calculated from the difference in numerical value between the 
WRITE 1 and READ 1 addresses, the difference being nominally half of the FIFO space. The calculation 
is performed at a rate of 88,2 kHz. 


The duty factor of MSC varies in 62 steps from 1,6% (FIFO full) to 98,4% (FIFO empty). When a 
motor-start signal is detected (via SWAB/SSM) the duty factor is forced to 98,4% for 0,2 seconds 
followed by a normal, calculated signal. After a motor-stop signal is detected the duty factor is forced 
to 1,6% for 0,2 seconds followed by a continuous 50% duty factor. A change in motor start/stop status 
occurring within the 0,2 second periods overrides the previous condition and resets the data control 
timer. 


Track loss correction 


The CD3A also incorporates a function to provide extra correction during track loss. Should track loss 
occur, the additional mute pin (AM) should be taken LOW, which forces the data LOW at the pre-FIFO stage. 
This muted data is then corrected after de-interleaving. This function is particularly useful for 
applications where mechanical shock is likely to occur. 
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Fig. 10 Motor speed control. 


CD2A replacement 


The CD3A can become a direct replacement for the CD2A by externally connecting pin 21 to Vpp 
and modifying the PLL peripheral components (see Fig. 12). 
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RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage, pin 21 (28) +65 
Maximum input voltage _ —0,5 Vpp + 0,5 Vv 
Input current, pin 23 (30) \ 5 mA 
Maximum output voltage 

MSC, QRA, SWAB/SSM Vo —0,5 +6,5 Vv 
Output current (each output) lo _ +10 mA 
DC Vss or Vpp current Ipp or Iss - + 100 mA 
DC input diode current lik - +20 mA 
DC output diode current lok - +20 mA 
Storage temperature range Tstg —55 +150 oc 
Operating ambient temperature range Tamb —40 + 85 oc 
Electrostatic handling* Re | —1000 | + 1000 Vv 


Purchase of Philips’ 1S components conveys a license under the 
Philips’ 17S patent to use the components in the I? S-system 
provided the system conforms to the |?S specification defined 
by Philips. 


Detailed information on the |?S bus specification is available on request. 


Supply of this Compact Disc IC does not convey an implied licence under any patent right to use this 
IC in any Compact Disc application. 


Equivalent to discharging a 100 pF capacitor through a 1,5 kQQ series resistor with a rise time of 
15 ns. 
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DEVELOPMENT DATA 


CHARACTERISTICS 


Vpp = 4,5 to 5,5 V; Vss = 0 V; Tamb = —40 to + 85 OC unless otherwise specified 


parameter 


conditions 


Supply 
Supply voltage, pin 21 (28) 
Supply current, pin 21 (28) 


Inputs 

D1 — D4, QCL, AM, 
DEEM/DINT1, DINT2 
Input voltage LOW 

Input voltage HIGH 

Input leakage current 
Input capacitance 

MUTE, CRI 

Input voltage LOW 

Input voltage HIGH 
Internal pull-up impedance 
Input capacitance 

QRA, SWAB/SSM 

Input voltage LOW 

Input voltage HIGH 

Input capacitance 

Internal pull-up impedance 
HFD 

Input voltage LOW 


Input voltage HIGH 
Input clamping voltage 
Input source current 


Input capacitance 
Internall pull-up impedance 


note 1 VIL 
note 1 VIH 
note 2 Iu 
Cc 
| 
note 1 VIL 
note 1 VIH 
Vj =0V (Z| 
Cc; 10 
note 1 VIL +0,8 
note 1 VIH Vpp + 0,5 
C| 10 
Vj=0V 1Z}) 18 
VIL +0,8 
clamped 
4,5 


100 
10 
110 
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parameter 


conditions 


Outputs 
AO—A7, R/W, D1—D4, CAS, RAS, 
QDATA, DEEM/DINT1, SDAB, SCAB, 
EFAB, DAAB, CLAB, WSAB, 

TEST1, TEST2, TEST3, TEST4 
Output voltage LOW —loL = 1,6 mA | VoL te) = 0,4 Vv 
Output voltage HIGH 19H =0,2mMA | VOH 3,0 = Vppb Vv 
Load capacitance CL _ - 50 pF 
Leakage current note 2 ILo -10 |- +10 uA 
MSC (open drain) | 
Output voltage LOW -loL=1mA | VOL 0 - 0,35 Vv 
Load capacitance | CL — _ 50 pF 
Leakage current note 2 ILo —10 |- +10 | wA 
SWAB/SSM, ORA (open drain) } 


Output voltage LOW —loL = 1,6 mA | VoL 0 - 0,4 Vv 
Load capacitance CL - - 50 pF | 
Internal load resistance Ri 3,9 10 18 kQ 


ANALOGUE CIRCUITS 


Data slicer (see Fig. 11) 

Input HFI 

AC input voltage range 
(peak-to-peak value) Vi(p-p) | 0,5 - 2,5 Vv 


Input impedance 
normal (HFD HIGH) 


disabled (HFD LOW) 
Input capacitance 
Output FB 


Output current 
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Small signal voltage gain 
Input capacitance 
Feedback capacitance 


Output capacitance 
Input leakage current 


* Value to be fixed. 
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parameter ih conditions symbol 
Phase detector a 

Output PD/OC see Fig. 12 

Output current PD/OC=1to3V /!lo 
Control range note 3 a 

Input lef see Fig. 13 

Input reference current lref = 
Fine frequency detector 

Output PD/OC 

Output impedance IZol 2 
Output voltage LOW loL=1HA VoL |0 
Output voltage HIGH -IOH=1HA VoL |4 
Coarse frequency detector 

Output PD/OC note 4 

Output impedance IZol 1 
Output voltage LOW loL=1nHA VoL |0 
Output voltage HIGH —-IOH=1uA VoL |4 
Voltage controlled oscillator 

Input PD/OC 

Oscillator constant Kose | — 
Crystal oscillator see Fig. 14 

Input XTAL1 

Output XTAL2 

Mutual conductance 100 kHz 


2,3 


3,5 


Vpp 
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Parameter conditions 


symbol min. typ. [max. [unit | 


Slave clock mode see Fig. 15 
Input voltage 
(peak-to-peak value) Vi(p-p) 3,0 ~ Vpp+0,5|V 
Input voltage LOW note 1 VIL —0,3 -_ 0,8 Vv 
Input voltage HIGH note 1 VIH 2,4 - Vpop+0,5|V 
Input rise time note 5 tr = ~ 20 ns | 
Input fall time note 5 tf - = 20 ns 
Input HIGH time 
(relative to clock period) |at 1,5 V tHIGH 45 - 55 Per, | 
TIMING | 
Operating frequency (XTAL) *XTAL 10,16 | 11,2896 | 12,42 MHz 
Operating frequency (VCO) /|PLL locked 
on to data fyco1 2,54 4,3218 |6,21 MHz 
Operating frequency (VCO) | VCO absolute limits; 
PLL not locked | 
on to data fyco2 2 - 7,5 MHz | 
Outputs Figs. 16 and 17 
CEFM note 6 | 
Output rise time | tr a - 20 |ns 
Output fall time tf - - 20 ns 
! 
Output HIGH time tHIGH 50 - - ns | 
DAAB, CLAB, WSAB, EFAB 
(17S format) note 6 
Output rise time tr - — 20 ns | 
Output fall time tf - - 20 ns 
DAAB, WSAB, | 
EFAB to CLAB | 
Data set-up time tSU; DAT | 100 - = ns 
CLAB to DAAB, WSAB, 
EFAB 
Data hold time tHD; DAT | 100 - = ns 
SDAB, SCAB, DEEM 
(subcoding outputs) 
Output rise time 
Output fall time 


SDAB to SCAB 
Subcoding data set-up time 


748 August 1987 { 


DEVELOPMENT DATA 


CMOS decoder for compact disc systems 


parameter 


conditions 


SCAB to SDAB 
Subcoding data hold time 
SWAB/SSM 

Output rise time 

Output fall time 

Output duty factor 


Q-channel 1/O 
QRA, QCL, QDATA 


Access time 
normal mode 


refresh mode 


QCL to QRA 
acknowledge delay 


request hold time 
QCL clock input LOW time 
QCL clock input HIGH time 
QCL to QDATA delay time 


Data hold time before 
new frame is accessed 


Acknowledge time 


note 6 


Figs 18 and 19 


note 7 


Notes to the characteristics 


tACC; N 
tACC; F 


tDACK 
tHD;R 
tCK; LOW 


tDD 


tHD; ACC 
tACK 


750 
750 


tCK; HIGH |750 


SAA7310 


13;3 +n x: 13,3 
nx 13,3 


2,3 


1. Minimum V{_, maximum V jy are peak values to allow for transients. 


2. ILi(min) and 1LO(min) measured at Vj = 0 V;IL|(max) 2nd !LO(max) measured at Vj = Vpp. 


4. Coarse frequency detector output PD/OC active for VCO frequencies 


180° 
3. 1rad= : 
(3,14) 
f f 
> <iAt and < xTAr 


Reference levels = 0,5 V and 2,5 V. 
Output rise and fall times measured with load capacitance (C__) = 50 pF. 


7. Q-channel access times dependent on cyclic redundancy check (CRC); 
n = number of cycles until CRC is ‘good’. 
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1pF 
2.2nF 18k + 


HF input ->—{ 


PD/OC | 22(29) 
SAA7310 


SAA7310 


7295869 7295871 


Fig. 11 Data slicer HFI input. Fig. 12 PLL circuit. 


11,2896 MHz 
TAL2 
SAA7310 
a SAA7310 
7 19 (26) 
XTALI 
7295870 7295874 
Fig. 13 Ire¢ circuit. Fig. 14 Crystal oscillator circuit; 


using crystal type: 4322 143 05031. 


750 August 1987 { 


CMOS decoder for compact disc systems SAA7310 


clock input —— = rs 
(vy) OSV 
7Z95872 


Fig. 15 Input clock timing diagram; reference levels 0,5 V, 1,5 V and 2,5V. 


CLAB 


DAAB 
WSAB 


EFAB 
7280607 


DEVELOPMENT DATA 


SCAB 


'HD; SDAT -* 


SDAB 


SWAB 


ty ty 7280608 


Fig. 17 Typical subcoding data output waveforms; reference levels for SCAB and SDAB = 0,8 V 
and 2,0 V; reference levels for SWAB = 0,8 V and 4,0 V. 
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DATA REQUEST 
(microprocessor 
internal signal) 


ACKNOWLEDGE 
(SAA7310 
internal signal) 


QRA 


| | ‘cK; LOW = "CK; HIGH 


Se lvibewea sles 


| 
tl ro 


high impedance high impedance 
QDATA 


| 'cK:LOW = "CK; HIGH 


Se ae ee 
Oct | 
10,8 ms ——> 
when QCL 
delayed =e fe 
<2,3ms 
high impedance high impedance 
QDATA 


7295877 


Fig. 18 Q-channel timing waveforms (normal mode). 


DATA REQUEST | | 
(microprocessor 


internal signa!) 


ACKNOWLEDGE | | 
(SAA7310 


internal signal) ACCESS FRAME REFRESH FRAME 


| f*- tace; N — tacc; F 


QRA 


= Sect TD a, Be CS) 
| this will repeat 


until OCL goes LOW 7Z80612F 


Fig. 19 Q-channel timing waveforms (refresh mode). 
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APPLICATION INFORMATION 


EFM Encoding system 


The Eight-to-Fourteen Modulation (EFM) code used in the Compact Disc Digital Audio system is 
designed to restrict the bandwidth of the data on the disc and to present a DC free signal to the demodu- 
lator. In this modulation system the data run length between transitions is > 3 clock periods and 

<11 clock periods. The number of bits per symbol is 17, including three merging and low frequency 
suppression bits which also assist in the removal of the DC content. 


The conversion from 8-bit, non-return-to-zero (NRZ) symbols to equivalent 14-bit code words is 
shown in Table 2. C1 is the first bit of a 14-bit code word read from the disc and D1 is the Most 
Significant Bit (MSB) of the data sent to the error corrector. The 14-bit code words are given in NRZ-I 
representation in which a logic 1 means a transition at the beginning of that bit from HIGH-to-LOW 
or LOW-to-HIGH (see Fig. 20). 


CODED NRZ-! 0100100010000010000 


DECODED EQUIVALENT | | | 
OR | | | | 


7Z80609 


Fig. 20 Non Return to Zero (NRZ) representation. 


The codes shown in Table 2 cover the normal 256 possibilities for an 8-bit data symbol. There are other 
combinations of 14-bit codes which, although they obey the EFM rules for maximum and minimum 
run length (Tmax, Tmin), produce unspecified data output symbols. Two of these extra codes are used 
in the subcoding data to define a subcoding frame sync and are as shown in Table 1. 


DEVELOPMENT DATA 


Table 1 Codes used to define subcoding frame sync 


14-bit souleiee code word 1 


ee a | 
' 


niier2, c13ic14 | 


| 0/0/00 ooo 
{ 


Where: X = don’t care state. 


When a subcoding frame sync is detected the P-bit (Pause-bit) of the data is ignored by the debounce 
circuitry. The remaining bits (Q to W) are not specified in the system but always appear at the serial 
output as shown in Table 1. 
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DEVELOPMENT DATA 


Subcoding microprocessor handshaking protocol (see Figs. 18, 19 and 21) 
The ORA line is normally held LOW by the microprocessor. 


When the microprocessor needs data (Request) it releases the QRA line and allows it to be pulled HIGH 
by the pull-up resistor in the SAA7310. 


The SAA7310 is continuously collecting Q-channel data and when it detects that QRA is HIGH it holds 
the first frame of Q-channel data for which the Cyclic Redundancy Check (CRC) is ‘good’. Then the 
SAA7310 pulls QRA LOW to tell the microprocessor that the data is ready (Acknowledge) and enables 
the QDATA output. : 


When the microprocessor detects a QRA LOW signal it generates a clock signal (QCL) to shift the data 
out from the SAA7310 to the microprocessor via the QDATA output. The first negative edge of QCL 
also resets the acknowlegde signal and thus releases the QRA line. 


As soon as the microprocessor has received sufficient data (not necessarily 80 bits) it pulls the QRA 
line LOW again. The SAA7310 now disabled the QDATA output and resumes collecting new Q-channel 
data. 


If the microprocessor does not generate a QCL signal within 10,8 ms from the start of the acknowledge 
(QRA LOW), the SAA7310 resets the acknowledge signal and allows the QRA line to go HIGH again. 
The microprocessor still has 2,3 ms to accept the data, which allows for a long propagation delay in 

the microprocessor. After a further 13,33 ms the SAA7310 will have received a new frame of Q-channel 
data and, provided the CRC is ‘good’, will give a fresh acknowledge signal. This refreshing process 

is repeated until the microprocessor accepts the data or stops the request. 


When the microprocessor has a requirement to hold the data for a long period before acceptance, it 
prevents the refreshing process by setting QCL LOW after any acknowledge signal. 


MICROPROCESSOR SAA7310 


DATA REQUEST ——| [+ ACKNOWLEDGE 


7295873 


Fig. 21 Microprocessor handshaking protocol. 


August 1987 


755 


DEVELOPMENT DATA 


This data sheet contains advance information and 
specifications are subject to change without notice. 


SAA7320 


STEREO CMOS DAC FOR COMPACT DISC 
DIGITAL AUDIO SYSTEMS 


GENERAL DESCRIPTION 


The SAA7320 (DAC3) is a complete monolithic stereo CMOS 16-bit input digital-to-analogue converter 
designed for application in low/mid-cost portable compact disc systems. 


Features 

@ |*S data input 

© 3-stage digital filter incorporating F.1.R. filter, linear interpolator and sample and hold 
@ 2nd order noise shaper to provide a signal-to-noise ratio of > 90 dB 

@ 16-bit resolution from a 1-bit converter, using switched capacitor integrator 

@ 3rd order low-pass filter to reduce out-of-band noise 

@ —12 dB attenuation, de-emphasis and mute control 

@ Low power consumption (typ. 300 mW) 

@ Single supply operation (+ 5 V) 

@ —40 to + 85 °C operating temperature range 


QUICK REFERENCE DATA 


| parameter conditions 


Supply voltage (analogue) 


Supply current (analogue) IppA 
Supply voltage (digital) Vpp 
Supply current (digital) Ipp 


Signal-to-noise ratio at 
the analogue outputs O dB input | S/N 


Input voltage ranges 
WSI, CLI, DAI, DEC, 


ATT 
Input voltage LOW note 6 VIL 
Input voltage HIGH note 6 ViH 


Output voltage ranges 
WSO, CLO, DAO, XSYS, 


Output voltage LOW note 6 VOL 
Output voltage HIGH note 6 VOH 
Operating frequency XTAL 


11,2896 


Operating ambient 
temperature range 


* Value to be fixed. 
For explanation of notes see ‘‘Notes to the characteristics’’. 


PACKAGE OUTLINE 
SAA7320GP: 44-lead QFP; plastic (SOT 205A). 
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PINNING 


VoDa 


[38] Test 3 


TEST 2 
ATT 


J 
4 
< 
to) 


index 
corner “\ 


COR Li] [33] nc. 


DER | 2 [32] Dat 


Veetr [3 | [31] cu 


}41] OARI + 
[40] oaRO 


« 
« 6 
S (=) 
Sas 


Vssat [6 | SAA7320 Vss 


Vopat [11 | 23] Yop2 


pao [19 | 
cvo [20] 
wso [21] 


VRC 


DEVELOPMENT DATA 
oALo [14 | 
Vopret [15] 

vro [16 | 
Test 4 [18] 


a 
a 
> 


7295892 


OARI— 
OALI+ 


Fig. 2 Pinning diagram. 
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SAA7320 


Pin functions 


pin no. mnemonic description 
1 CDR Capacitor Damping Right: damping capacitor for the right channel switched- 
capacitor integrator. 
2 DER De-emphasis Right: connection to the de-emphasis switch in the feedback 
of the right channel integrator. 
3 VrefR Reference voltage Right: reference voltage input for the analogue right 
channel ground (+ 2,5 V typ.). 
4 VSSAR Ground: ground connection for the analogue right channel. 
5 VSSA Ground: ground connection for logic in the analogue section. 
6 VSSAL Ground: ground connection for the analogue left channel. 
Z VrefL Reference voltage Left: reference voltage input for the analogue left channel 
ground (+ 2,5 V typ.). 
8 DEL De-emphasis Left: connection to the de-emphasis switch in the feedback of 
the left channel integrator. 
9 CDL Capacitor Damping Left: damping capacitor for the left channel switched- 
capacitor integrator. 
10 INTL Integrator Left: output from the left channel switched-capacitor integrator. 
11 VDDAL Power Supply: + 5 V supply voltage for the analogue left channel. 
12 OALI— Operational Amplifier Left Input —: inverting input to the left channel 
low-pass filter operational amplifier. 
13 OALI+ Operational Amplifier Left Input +: non-inverting input to the left channel 
low-pass filter operational amplifier. 
14 OALO Operational Amplifier Left Output: output from the left channel 
operational amplifier. 
15 VDDret Power Supply: +5 V supply voltage for the reference voltage generator. 
16 VRO Reference Voltage Output: internal reference voltage output (+ 2,5 V typ.). 
17 VRC Reference Voltage Capacitor: internal reference voltage high impedance 
node requiring an external smoothing capacitor. 
18 TEST4 Test output 4: pin should be left open-circuit. 
19 DAO 1? S Serial Data Output: is a 16-bit linear two’s-complement PCM signal at 


a data rate of 176,4 kHz (typ.) formatted in accordance with I?S. After 
4 x upsampling by the digital filter this signal is output so that an external 
DAC could be used; combined with CLO and WSO it can be considered as 
a master transmitter. 


20 CLO I? S Serial bit Clock Output: f¢LQ = 5,6448 MHz typ. 

21 WwsoO 17S Word Select Output: 176,4 kHz typ. 

22 VpD1 Power supply: + 5 V supply voltage for the digital section. 

23 Vpp2 Power Supply: + 5 V supply voltage for the crystal oscillator. 

24 XTAL2 Crystal oscillator output: drive output to clock crystal. 

25 XTAL1 Crystal oscillator input: input from crystal oscillator or external clock 
input (11,2896 MHz typ.). 

26 XSYS System clock output: buffered output from crystal oscillator 

27, 28 Vss Ground: ground connection for the digital section. 
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pin no. mnemonic description 

29 TEST1 Test input 1: pin should be connected to ground. 

30 WSs! |? S Word Select Input: 44,1 kHz typ. WSI together with CLI, is used to 
clock the I?S serial data input (DAI) and synchronize the main timing 
chain, 

31 cL 17S Serial bit Clock Input: fo) = 2,8224 MHz typ. 

32 DAI 17S Serial Data Input: is a 16-bit linear two’s-complement PCM signal 


formatted in accordance with I?S. If more than 16 bits are supplied then 
the least significant bits (LSBs) will be truncated. 


33 n.c. not connected. 

34 DEC De-emphasis Control: this input switches an extra external capacitor 
network into both the analogue left and right channel integrator feedback. 

35 MUTE Mute: when active LOW this Schmitt trigger control input will force the 


interpolator data input to zero. It will also force the 17S data output 
(DAO) to zero. 


36 ATT Attenuation: when active LOW this control input provides —12 dB 
attenuation to the analogue output amplitude. 
37 TEST2 Test output 2: pin should be left open-circuit. 
< 38 TEST 3 Test output 3: pin should be left open-circuit. 
a 39 VDDA Power Supply: + 5 V supply voltage for logic in the analogue section. 
5 40 OARO Operational Amplifier Right Output: output from the right channel 
s operational amplifier. 
5 41 OARI+ Operational Amplifier Right Input +: non-inverting input to the right 
rT channel low-pass filter operational amplifier. 
a 42 OARI— Operational Amplifier Right Input —: inverting input to the right channel 
a low-pass filter operational amplifier. 
43 VDDAR Power Supply: + 5 V supply voltage for the analogue right channel. 
44 INTR Integrator Right: output from the right channel switched-capacitor 
integrator. 
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FUNCTIONAL DESCRIPTION 
General 


The SAA7320 CMOS DAC heavily oversamples to several MHz (256 x the sampling frequency, fs), so that the 
band-limiting filters required for waveform smoothing and out-of-band noise reduction are mainly digital. 
In addition to the digital filters the circuit contains active components for analogue post filtering. In most 
applications very few external components are required. An output after the 4 x upsampling filter allows 
the circuit to be used as an interface between the decoder and external DAC in high-performance compact 
disc systems. The SAA7320 requires only one + 5 V supply; the required reference voltage is generated 
internally. 

Separate supply pins for each of the 1-bit DACs achieves high performance signal-to-noise ratio and 
channel separation. 

There is no phase delay between the two analogue outputs despite the fact that the upsampling filter 
structure is multiplexed between the two data channels. 


Oversampling digital filter 
This is a 3-stage digital filter. 


@ The first stage provides 4 x oversampling to 176,4 kHz using a 128-tap F.I.R. low pass filter. Data is 
stored in a cyclic RAM, the filter coefficients ina ROM and the convolutions are performed using an 
array multiplier. 

@ The second stage is a 32 x oversampling linear interpolator. 

@ The third stage provides 2 x upsampling using a sample and hold, giving a total of 256 x upsampling 
(11,2896 MHz). 


The first stage oversamples to 176,4 kHz with a band-pass ripple of + 0,035 dB and a stop-band 
attenuation of —60 dB above 24,2 kHz. it also contains frequency response compensation for the 
interpolator/analogue post-filtering roll-off and coefficient scaling to prevent overflow in the noise 
shaper. 


The characteristics of the F.1.R. filter are shown in Fig. 8. 


Switched-capacitor DAC 


The digital-to-analogue conversion is achieved with a 1-bit DAC oversampled to 256 fs with second-order 
noise shaping performed digitally to give a 1-bit Pulse Density Modulated (PDM) code with a signal-to- 
noise ratio of > 90 dB. Integral with the actual 1-bit converter is a first-order low-pass filtering action 
which reduces the total HF noise power. 


A switched capacitor technique is used for the 1-bit DAC which converts the PDM stream to an analogue 
signal with a signal-to-noise ratio of > 90 dB. A fixed charge is either added or substracted from the 
virtual earth node of a first-order filter. As this output is a continuous time output a highly symmetrical 
operational amplifier is used to give a low distortion figure. The output slew rate of this filter is chosen 
so that the operational amplifier always remains within its high gain linear region. 


An internally generated out-of-band dither signal is used to suppress audible idling patterns in the noise 


shaper at low signal levels. This signal is injected digitally into the x 32 upsampling interpolator at a 
frequency 352 kHz and a level of —20 dB. 
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FUNCTIONAL DESCRIPTION (continued) 
Attenuation 


Attenuation is controlled by the ATT input at pin 36. This input will allow an attenuation of the 
analogue output amplitude by —12 dB during track search. 


De-emphasis and low-pass filter 
Extra on-chip analogue circuitry provides post filtering: 


© Input DEC (pin 34) switches an extra external capacitor network into both the left and right channel 
analogue integrator feedback to control roll-off, 
Output from the right channel switched-capacitor integrator (INTR) is available at pin 44, Output 
from the left channel switched-capacitor integrator (INTL) is available at pin 10. 

© A low-pass filter, for further attenuation of out-of-band noise, can be constructed using the internal 
CMOS operational amplifiers. The digital filter contains compensation for a third-order Butterworth 
filter with a —3 dB cut-off at 60 kHz. 


1S serial interface 

The SAA7230 has two |’S ports incorporated; DAI (pin 32) and DAO (pin 19). 

© DAI receives data from the Compact Disc decoder IC (or any 16-bit 44,1 kHz |?S source). 

© DAO transmits the 4 x oversampled data to an external DAC. 

The ‘slave’ receiver requires a serial bit clock input (CLI; pin 31) and a word select input (WSI; pin 30). 
To ensure that the filter is ‘in-phase’ with the input, the main timing chain is automatically synchronized 
to the incoming word select signal. The frequency of the data must also be synchronized to the filter by: 
© the source supplying the 11,2896 MHz system clock via crystal oscillator input (XTAL1; pin 25). 

or 

@ SAA7320 supplying the system clock to the source via XSYS (pin 26). 

The SAA7320 will use only the 16 most significant bits of input data even though the I?S format allows 
a variable word length (see Fig. 4). 


DEVELOPMENT DATA 


The ‘master’ transmitter supplies bit clock, word select and data signals at twice the frequency of the 
receiver to allow for the 4 x upsampling. Therefore all 16 bit positions are used. 


Conversion path 

The SAA7320 data conversion path is shown in Fig. 3. As both paths are identical only one path is 
shown. The data flow is in a serial format up to the linear interpolator stage and then separated into 
two channels. 


CD3A application 
A system application diagram of the CD3A with the DAC3 is shown in Fig. 9. 


Purchase of Philips 12S components conveys a license under the 
Philips’ |?S patent to use the components in the 1?S-system 
provided the system conforms to the |?S specification defined 
by Philips. 


Detailed information on the |?C bus specification is available on request. 
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12s SERIAL INPUT 


44,1 kHz 


4x OVERSAMPLING 
(F.LR. filter) 


176,4kHz 
attenuation 


mute 


125 serial output 


32x OVERSAMPLING 
(hinear interpolator) 


DITHER SIGNAL ADDED 


2x OVERSAMPLING 
(sample and hold) 


1- BIT POM SIGNAL 
(2nd order noise shaper) 


1-bit 11,2 MHz 


1-BIT DAC 
(switched - capacitor network) 
3rd ORDER LOW-PASS FILTER 


ANALOGUE OUTPUT 
(left or right channel) 7295887 


de-emphasis 


Fig. 3 Flow diagram of SAA7320 data conversion path (one channel). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage* 

DC input voltage 

DC input diode current 

DC output voltage 

DC output source or sink current 


DC Vpp or Vsg current (total) 


Storage temperature range 
Operating ambient temperature range 
Electrostatic handling** 


DEVELOPMENT DATA 


* All Vpp and Vgg pins must be connected externally to the same power supply unit. 
** Equivalent to discharging a 100 pF capacitor through a 1,5 kQ series resistor with a rise time of 
15 ns. 


January 1988 765 


SAA7320 | 


CHARACTERISTICS 
Vop = 4,5 to 5,5 V; Vgg = 0 V; Tamb = —40 to + 85 OC unless otherwise specified 


Supply 
Supply voltage (analogue) 


Supply current (analogue) IDDA - 20 S mA 
Supply voltage (digital) Vppb 45 5,0 5:5 Vv 
Supply current (digital) lpp - 40 . mA 


ANALOGUE PART 
Reference voltage source 
VRO; VRC 


High impedance reference 
voltage level | VrefC 0,45Vpp| 0,5Vpp| 9,55Vpp | V 


Output reference voltage | | 


relative to VRC | AVrefQ | —10 0 +10 mV 


Reference voltage output ] 
impedance \Zrefo! ~ 2 4 2 


Reference voltage inputs | 
| 

VrefLi VrefR note 1 

Reference input voltage Vref 0,45Vpp} 0.5Vpp} 0,55Vpp | V 


Outputs 
INTL; INTR 


Output level note 2; 
(RMS value) fs = 44,1kHz 


Output dynamic impedance 


Output load resistance to Vref 
to Vref 


10 Vref 


Output load capacitance 
Output DC level 


* Value to be fixed. 
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parameter conditions symbol min. 


Filter characteristics note 3 

Signal spectrum 

(0 dB = F.S.D. input) 
<20 kHz Ss —0,035 


> 24,1 kHz Ss —60 
Sianal-to-noise ratio 

O dB input S/N 90 

—10 dB input S/N 83 
Total harmonic distortion | atOdB/1 kHz | THD - 
Digital silence Mute LOW . 
Channel separation at 1kHz a * 


Power supply rejection 
ratio to Vpp PSRR = 


Operational amplifiers 


Open loop gain Gol * 
< Output impedance IZo| = 
BS Input offset voltage Vios —10 
kb Signal-to-noise ratio note 4 
or (20 Hz to 20 kHz) S/N +95 
= Total harmonic distortion | note5 
S (20 Hz to 20 kHz) THD © |= 
w 
2 Unity gain bandwidth Gapw 5 
Q 


Output load to Vref 
Capacitive Cy -- 
resistive Ri 3 


DIGITAL PART 
Inputs 

WSI, CLI, DAI, DEC, | 
ATT 

Input voltage LOW 
Input voltage HIGH 


Input leakage current 
Input capacitance 


* Value to be fixed. 
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CHARACTERISTICS (continued) 


MUTE (Schmitt triager) 
Switching voltage threshold 

rising Vthr 0,54Vpp/ 0,6Vpp | 0,66Vpp | V 

falling Vthf 0,36Vpp | 0.4Vpp | 90.44Vpp | V 
Input leakage current note 7 | ILI —10 te) +10 uA 
Input capacitance Cy - - 10 pF 
Crystal oscillator input 
External clock only 
XTAL1 
Input voltage LOW note 6 VIL —0,5 ~ 15 Vv 
Input voltage HIGH note 6 Vin 3,5 - Vpp to5V| Vv 
Input leakage current note 7 | lu —10 0 +10 vA 
Input capacitance | Cy - - 10 pF | 
Outputs 
DAO, CLO, WSO, XSYS 
Output voltage LOW note 6; 

/-loL=400uA | Vo, | -0.5 = +04 Vv | 
Output voltage HIGH note 6; | | 
\loH=20HA | Von |2,4 - Vppto.5 | Vv 

Load capacitance CL - _ 35 pF 
Crystal oscillator see Fig. 7 
Input XTAL1 | 
Output XTAL2 
Operating frequency XTAL fXTAL i 
Mutual conductance 100 kHz 
Small signal voltage gain Gy =GmxRo 


Input capacitance 
Feedback capacitance 


Output capacitance 
Input leakage current 
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SAA7320 


DEVELOPMENT DATA 


Parameter 


TIMING 
External clock input 
XTAL1 

Input frequency (fs x 256) 
Input rise time 

Input fall time 


Input HIGH time 
(relative to clock period) 


System clock output 
XSYS 

Output rise time 
Output fall time 


Output HIGH time 
(relative to clock period) 


?S TIMING 
Receiver 

Clock input CLI 
Input clock period 
Input HIGH time 
Input LOW time 
Data inputs WSI, DAI 
Data set-up time 
Data hold time 


note 8 
note 8 
at15V 


note 9 
note 8 
note 8 


at15V 
note 10 


see Fig. 5 


tek 
tCKH 
tCKL 


tsu; DAT 
tHD; DAT 
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CHARACTERISTICS (continued) 


conditions min. typ. max. unit | 
Transmitter see Fig. 6 
Clock output CLO 
Output clock period | tcK - 2/fc = ns 
Output HIGH time tCKH 60 - - ns 
Output LOW time tCKL 60 = - ns 
Data WSO 
Data set-up time tsuU; DATWS 40 - - ns 
Data hold time | tHD; DATWS 40 - - ns 
Output rise time | tr = - 20 ns 
Output fall time | tf ~ _ 20 ns 
Data output DAO 
Data set-up time | tSU; DATD 40 - - ns 
Data hold time tHD; DATD 40 - - ns 
Output rise time tr ~ - 20 ns 
[ output fall time 4 tf _ | _ 20 ns 


Notes to the characteristics 


1. Any noise at these inputs is transferred directly to the analogue outputs. 

2. Output levels depend on integrator components. Value shown is for maximum digital code. 

3. The filter characteristics apply to the complete system at a sampling rate (fs) of 44,1 kHz. 

4. Value relative to 1 Vrms), with unity gain. 

5. Unity gain output = 1 V(rms)- 

6. Minimum VL, Voz and maximum Vj}, Voy are peak values to allow for transients. 

7. ILi(min) 29d 1LQ(min) Measured at Vj = OV; IL (max) and 'LO(max) Measured at Vj = Vop.- 
8. Reference levels = 0,8 V and 2,0 V. 

9. Output times are measured with a capacitive load of 35 pF. 

10. tH|}GH valid only when used with XTAL. 
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SAA7320 


TIMING 


7295885 


Fig. 5 Data input timing with respect to |?S serial bit clock input (CLI); 
reference levels = 0,8 V and 2,0 V. 
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Stereo CMOS DAC for compact disc digital audio systems SAA7320 


CLO 


| "HD; DATWS ‘SU; DATWS 


| "| 


'HD; DATO 'su;DATD | 
a eee 
—) 


7Z22107 


Fig. 6 Data output timing with respect to clock output (CLO); 
reference levels = 0,8 V and 2,0 V. 
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11,2896 MHz 


SAA7320 


7Z95886 


Fig. 7 Crystal oscillator circuit using crystal type: 4322 143 05031. 
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DEVELOPMENT DATA 
This data sheet contains advance information and SAD7630 


specifications are subject to change without notice. 


TIME BASE CORRECTION DELAY LINE (TBC) 


GENERAL DESCRIPTION 


The SAD7630 is a charge-coupled device (CCD) dual variable delay line. It is designed for fault correction 
of composite video signals in compact disc video (CDV) applications. One line can be used to correct 

the time error of the composite video signal and the other line to correct the time error of the analogue 
audio carriers. 


Features 


®@ Variable clock frequency range of 13 to 24 MHz 

© Separate power supply (Vppa and Vppp) to prevent interference between digital and analogue 
circuits 

@ Applicable for either PAL or NTSC players 


QUICK REFERENCE DATA 


= ———— 


Parameter conditions 


symbol [ min. 


Supply 
Supply voltage range 
analogue VDDA 4.75 


digital VppD 4.75 
substrate bias —VsB 3.5 


Supply current range 1) =O mA; foLk = 16.6 MHz 
| analogue 


digital 


substrate bias 


Inputs 

Vref; Vref2 

DC input voltage 
Input current level 


Vit; Vi2 

Signal amplitude V1 = Vret 

Outputs 

Voi: Vo2 Rpz to Vgp = 47 kQ 


DC output voltage V | to Vref =O V 
Operating ambient 


temperature range 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT38D). 
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Time base correction delay line (TBC) SAD7630 


PINNING 


SAD7630 


7Z24441 


rss Fig.2 Pinning diagram. 
4 
= Power supply 
é VDDA analogue supply voltage 
& VSSA analogue ground 
g yee! digital supply voltage 
QO Vssp digital ground 
VsB substrate bias supply 
Input 
CLK external clock input 


Inputs (analogue) 


Vref | F 
reference voltage inputs 
Vref2 j - 
Vi \ : , 
Via \ signal voltage inputs 
F21 \ F ane, A 
t 
FZ2 | input stage current setting inputs 


Outputs (analogue) 


Vo1 


Vo2 | signal voltage outputs 
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FUNCTIONAL DESCRIPTION 


Principle of variable delay 


The input signal is sampled by clock pulses. At each pulse the samples are shifted one step in a 
526 stage register. Two parallel multiplexed registers form one delay line. Each register is clocked 
by two clock pulses 91 and y2 which have a phase difference of 180°. 


Effectively the two parallel multiplexed registers operate as a 1052 stage single line at the double 
clock frequency. This provides sufficient video bandwidth and delay range for CDV applications. 


The delay time is inversely proportional to the clock frequency. Thus for a frequency range of 13 to 
24 MHz the following values apply: 


@ Maximum delay time 1052 + 13.10° = 80.92 us 
@ Minimum delay time 1052 + 24.10° = 43.83 US 
@ Delay range 80.92 — 43.83 = 37.09 us 


Video input circuit 


Vopa 


ref 


Vsp 7Z24442 


Fig.3 Video input circuit. 


Each line has two inputs Vj and Vref. The input signal amplitude is defined as V} — Vref. 


Within the specified limits Vref can be used to set the required DC input range for Vj. The FZ input 
can be used to set the current in the input stage. 


In the nominal situation FZ is connected to Vsg (—3 V typ.) via a 47 kQ resistor. 
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Time base correction delay line (TBC) 


Video input signal 


PAL 


0.85 V (p-p) 


Fig.4 Video input signal for PAL. 
The PAL line waveform of 100% saturated colour bars with special burst. 
Tip sync to top-white = 100% = 0.85 V (p-p). 
Thus the maximum signal amplitude can become 150% x 0.85 V (p-p) = 1.3 V (p-p). 


NTSC 


1 V (p-p) 


30% —— — 


7224443 


Fig.5 Video input signal for NTSC. 


The NTSC line waveform of 100% saturated colour bars. 
Tip sync to top-white = 100% © 1.0 V (p-p). 
Thus the maximum signal amplitude can become 123% x 1.0 V (p-p) = 1.23 V (p-p). 


SAD7630 
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FUNCTIONAL DESCRIPTION (continued) 
Supplies 


Separate supply voltages (Vpp, and Vppp are provided to prevent interference between analogue and 
digital circuits. However, it is still necessary to connect decoupling capacitors as near as possible to the 
respective ground pins. At decreasing Vppp the transfer loss for high input frequencies at maximum 


fCLK is increasing, therefore care must be taken not to exceed the specification limits of Vppp 
(4.75 V to 5.5 V). 


Clock circuit 


The externally applied clock signal is internally converted to a squarewave. Flipflops generate two 
antiphase signals (y1 and y2) at half the clock frequency which operate the registers. 


Output circuit 


The output signals of the two multiplexed registers are demultiplexed and stored in a hold capacitor. 


A buffer stage following the hold capacitor is non-inverting and has a low output impedance (100 2 
typ.). 
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RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
[_ parameter [condition | symbol ] wivises niet 
Supply voltage range 
analogue VDDA -0.5 | +7.0 Vv 
digital VpDD | -0.5 | +7.0 Vv 
Input voltage note 1 Vv; —0.5 Vppt0.5 | V 
Output voltage note 1 | Vo -0.5 | Vppt+0.5 | V 
Maximum input current lim ~ +10 mA 
Maximum output current lom - +10 mA 
Maximum supply current in Vsga; Vssp Iss - mA 
Maximum supply currentin Vppa;Vppp | | IDp RS 
Total power dissipation Prot 
Storage temperature range Tstg 
j. Oparating ambient temperature range Tamb 


Note to the Ratings 
1. Input voltage should not exceed 7 V unless otherwise specified. 


HANDLING 


Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
‘Handling MOS Devices’). 


DEVELOPMENT DATA 
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DC CHARACTERISTICS 


Tamb = —25to +70 °C, unless otherwise specified; all parameters measured with the test circuit of 
Fig.6. 


parameter 


conditions 


Supply 
Supply voltage range 
analogue VDDA 4.75 
digital Vpppb 4.75 
substrate bias —VsB 3.5 
Supply current range 1) =O mA; 
fCLK = 16.6 MHz 
analogue IDDA 1 
digital IDppD 8 
substrate bias iIlsBl - 
Inputs 
Vref1; Vref2 | 
DC input voltage Vref 0 
Input current level lref = 
Via; Vi2 
Signal amplitude V1 = Vref VI fe} 
Input impedance Ry 1 
Cc - 
CLK 
Input voltage amplitude 
(peak-to-peak value) VAC(p-p) | 0.30 
DC output voltage Voc 1.5 
Input current Ipc es 
Input frequency fCLK 13 
FZ1; FZ2 
DC input voltage w.r.t. Vref -Voc 1.5 
Outputs 
Vo1: Vo2 RFz to Vsp = 47 kQ 
DC output voltage Vj to Vref =O V 


V| to Vref = 1.6 V 
DC output current 
Output impedance 
Maximum load impedance 


pat 


mA 
mA 


MHz 
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Time base correction delay line (TBC) 


AC CHARACTERISTICS 


VDDD =4.75 to 5.5 V; Tamb = —25 to + 70 OC, unless otherwise specified; all parameters measured with 
the test circuit of Fig.6. 


parameter 


conditions 


Voltage gain 


Transfer loss at 5 MHz 
(w.r.t. 1 kHz) 


note 1 Gy 


fCLK = 13 and 24MHz |Hg 


Linearity error note 2 Le 
Differential gain note 2 Gg 
Differential phase note 2 ag 
DC output voltage Vo 


Clock leakage voltage 


(RMS value) foLK = 13 to 24 MHz 

6.5 MHz VLCLK 

13 MHz VLCLK 

19.5 MHz VLCLK 
Noise output voltage 

(RMS value) B =5 MHz (unweighted) | Von(rms) 
Crosstalk attenuation 

between lines note 3 ay 

note 4 d 


Distortion 
a 


Notes to the AC characteristics 

1, Vj to Vref = 1 V(p-p); fj = 1 kHz; foLK = 16.6 MHz. 
2. V,| to Vref = 1 V(p-p); foLK = 16.6 MHz. 

3. Vj to Vref = 1 V(p-p); fj = 2 MHz; foLk = 16.6 MHz. 
4. V| to Vref = 1.6 V(p-p); fj = 1 kHz; foLK = 16.6 MHz. 


DEVELOPMENT DATA 


* Value to be fixed. 
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SAF1032P 
SAF1039P 


REMOTE CONTROL SYSTEM FOR INFRARED OPERATION 


The SAF 1032P (receiver/decoder) and the SAF 1039P (transmitter) form the basic parts of a sophis- 
ticated remote control system (pcm: pulse code modulation) for infrared operation. The |Cs can be 
used, for example, in TV, audio, industrial equipment, etc. 

Features: 


SAF1032P receiver/decoder: 

© 16 programme selection codes 

@ automatic preset to stand-by at power ‘ON’, including automatic analogue base settings to 50% and 
automatic preset of programme selection ‘1’ code 

@ 3 analogue function controls, each with 63 steps 

@ single supply voltage 

@ protection against corrupt codes. 

SAF1039P transmitter: 

@ 32 different control commands 

® static keyboard matrix 

® current drains from battery only during key closure time 

® two transmission modes selectable. 


The devices are implemented in LOCMOS (Local Oxidation Complementary MOS) technology to 
achieve an extremely low power consumption. 

Inputs and outputs are protected against electrostatic effects in a wide variety of device-handling 
situations. However, to be totally safe, it is desirable to take handling precautions into account. 


SELA SELC scl DATA TRYO TRY2 TRSL TRO 
Yoo | seve | seto | MAIN | HgLD Yoo | try1 | tTrv3 | TRO2 | 


fre] fi7t fie] fis] fra] fis] fi] 


SAF1032P 


L39T | UT | BINC | BINA | Veg TRXO | TRX2 | TROT | TROS | 
L20T BINO BINB TVOT TRX1 TRX3 TINH Vss 
TZ 368 72743491 


Fig. 1 Pin designations. 


PACKAGE OUTLINES 


SAF1032P: 18-lead DIL; plastic (SOT 102). 
SAF1039P: 16-lead DIL; plastic (SOT38Z). 
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PINNING 


To facilitate easy function recognition, each integrated circuit pin has been allocated a code as shown 


below. 


SAF1032P 


L3OT 
L20T 
LIOT 
BIND 
BINC 
BINB 
BINA 
TVOT 


Vss 


OMDNYNOOPWN- 


SAF 1039P 


TRXO 
TRX1 

TRX2 
TRX3 
TRDT 
TINH 

TROS 


Vss 


aANanhWN- 


linear output 

linear output 

linear output 
binary 8 output 
binary 4 output 
binary 2 output 
binary 1 output 
on/off input/output 


keyboard input 

keyboard input 

keyboard input 

keyboard input 

data output 

inhibit output/mode select input 
oscillator output 


HOLD 
DATA 
MAIN 
SCI 
SELD 
SELC 
SELB 
SELA 


Vpb 


TRO1 
TRO2 
TRSL 
TRY3 
TRY2 
TRY1 
TRYO 


Vop 


control input 
data input 
reset input 
clock input 
binary 8 output 
binary 4 output 
binary 2 output 
binary 1 output 


oscillator control input 
oscillator control input 
keyboard select line 
keyboard input 
keyboard input 
keyboard input 
keyboard input 
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Remote control system for infrared operation 


BASIC OPERATING PRINCIPLES 


The data to be transmitted are arranged as serial information with a fixed pattern (see Fig. 2), in 
which the data bit-locations Bg to Bg represent the generated key-command code. To cope with IR 
(infrared) interferences of other sources a selective data transmission is present. Each transmitted bit 
has a burst of 26 oscillator periods. 


Before any operation will be executed in the receiver/decoder chip, the transmitted data must be 
accepted twice in sequence. This means the start code must be recognized each time a data word is 
applied and comparison must be true between the data bits of two successively received data words. If 
both requirements are met, one group of binary output buffers will be loaded with a code defined by 
the stored data bits, and an internal operation can also take place. See operating code table. 


The contents of the 3 analogue function registers are available on the three outputs in a pulse code 
versus time modulation format after D (digital) to A (analogue) conversion. The proper analogue levels 
can be obtained by using simple integrated networks. For local control a second transmitter chip 

(SAF 1039P) is used (see Fig. 7). 


row ose «fella fafa}s| eesti] 19] 99 ble 


— 4—r,l 
Dara METH 
MODE} retdart dary peed fea 
y burst of 26 oscillator periods 
PPEPEQiqe 
MODE 2 Toa 
x Key down 
TINH | 
=«____———_ start code Ble data bits 
one data word 
< 32x) =32x B ms(2) 7276351.2 
t 


(1) Tg = 1 clock period = 128 oscillator periods. (2) f, in kHz. 


Fig. 2 Pattern for data to be transmitted. 


TIMING CONSIDERATIONS 

The transmitter and receiver operate at different oscillator frequencies. Due to the design neither 
frequency is very critical, but correlation between them must exist. Calculation of these timing 
requirements shows the following. 

With a tolerance of +10% on the oscillator frequency (f,) of the transmitter, the receiver oscillator 
frequency (f, = 3 x fy) must be kept constant with a tolerance of £20%. ‘ 

On the other hand, the data pulse generated by the pulse stretcher circuit (at the receiver side) may 
vary +25% in duration. 
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GENERAL DESCRIPTION OF THE SAF1039P TRANSMITTER 


SAF1039P 


goes ENCODING OUTPUT 


TRX2 GATING 


15 | TRYO INPUT 


CONTROL 
u 


TRY2 


T 
ENS OSCILLATOR 


Fig. 3 Block diagram of SAF 1039P transmitter. 


Any keyboard activity on the inputs TRXO to TRX3, TRYO to TRY3 and TRSL will be detected. For 
a legal key depression, one key down at a time (one TRX and TRY input activated), the oscillator 
starts running and a data word, as shown on the previous page, is generated and supplied to the output 
TRDT. If none, or more than 2 inputs are activated at the same time, the input detection logic of the 
chip will generate an overall reset and the oscillator stops running (no legal key operation). 

This means that for each key-bounce the logic will be reset, and by releasing a key the transmitted data 
are stopped at once. 


The minimum key contact time required is the duration of two data words. The on-chip oscillator is 
frequency controlled with the external components R1 and C1 (see circuit Fig. 6); the addition of 
resistor R2 means that the oscillator frequency is practically independent of supply voltage variations. 
A complete data word is arranged as shown in Fig. 2, and has a length of 32 x Tg ms, where Tg = 27h. 


Operation mode 


DATA FUNCTION OF TINH 
1 unmodulated: LOCAL operation output, external pull-up resistor to Vpp 
2 modulated: REMOTE control input, connected to Vsg 
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GENERAL DESCRIPTION OF THE SAF1032P RECEIVER/DECODER 


BUFFER ANALOGUE 
REGISTER OECODER 
(BFR) (ANDEC) 


DATA SHIFT MPARATOR 
REGISTER col o 


(SROT) {KOM} 


‘0/14. DETECTOR 
TIMER COUNTER 
(CTIM) 


START CODE 
DETECTION 
(CST) 


LINEAR 1 
REGISTER 
(LIN1) 


LINEAR 2 
REGISTER 
{LIN2) 


LINEAR 3 
REGISTER 
{LIN3) 


COMPARATOR 
COUNTER 
(COMP) 


BIT COUNTER 
(BITC) 


SAF1032P 


SAF1032P 
SAF1039P 


DIGITAL TO 
ANALOGUE 
CONVERSION 
(D/A) 


DIGITAL TO 
ANALOGUE 
CONVERSION 
(D/A) 


DIGITAL TO 
ANALOGUE 
CONVERSION 
(D/A) 


MAIN 
FLAG 
(MAINF) 


TV ON/OFF 
FLAG 
(TVONF) 


PRESET 
FLAG 
(PREST) 


7276332 


Fig. 4 Block diagram of SAF 1032P receiver/decoder. 


The logic circuitry of the receiver/decoder chip is divided into four main parts as shown in the block 


diagram above. 


Part | 


This part decodes the applied DATA information into logic ‘1’ and ‘0’. 
It also recognizes the start code and compares the stored data-bits with the new data-bits accepted. 
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Part I 


This part stores the programme selection code in the output group (BINF) and memorizes it for 
condition HOLD = LOW. 


It puts the functional code to output group (SELF) during data accept time, and decodes the internally 
used analogue commands (ANDEC). 


Part Ill 


This part controls the analogue function registers (each 6-bits long), and connects the contents of the 


three registers to the analogue outputs by means of D/A conversion. During sound mute, output L10T 
will be forced to HIGH level. 


Part IV 


This part keeps track for correct power ‘ON’ operation, and puts chip in ‘stand-by’ condition at supply 
voltage interruptions. 


The logic design is dynamic and synchronous with the clock frequency (@SC!), while the required 
control timing signals are derived from the bit counter (BITC). 


Operation 


Serial information applied to the DATA input will be translated into logic ‘1’ and ‘O’ by means of a 
time ratio detector. 


After recognizing the start code (CSTQ) of the data word, the data bits will be loaded into the data 
shift register (SRDT). At the first trailing edge of the following data word a comparison (KOM) takes 
place between the contents of SRDT and the buffer register (BFR). |f SRDT equals BFR, the required 
operation will be executed under control of the comparator counter (COMP). 


As shown in the operating code table on the next page, the 4-bit wide binary output buffer (BINF) will be 


loaded for BFRO= ‘0’, while for BFRO = ‘1’ the binary output buffer (SELF), also 4-bit wide will be 
activated during the data accept time. 


At the same time operations involving the internal commands are executed. The contents of the 
analogue function registers (each 6-bits long) are controlled over 63 steps, with minimum and maximum 
detection, while the D/A conversion results in a pulsed output signal with a conversion period of 
384 clock periods (see Fig. 5). 

First power ‘ON’ will always put the chip in the ‘stand-by’ position. This results in an internal 
clearing of all logic circuitry and a 50% presetting of the contents of the analogue registers (analogue 
base value). The programme selection ‘1’ code will also be prepared and all the outputs will be non- 
active (see operating output code table). 

From ‘stand-by’ the chip can be made operational via a programme selection command, generated 
LOCAL or via REMOTE, or directly by forcing the TV ON/OFF output (TV@T) to zero for at least 
2 clock periods of the oscillator frequency. 


For POWER ON RESET a negative-going pulse should be applied to input MAIN, when Vpp is 
stabilized; pulse width LOW > 100 us. 


| fe clock periods 
OUTPUT —— 
(50 °%/ocontents) |4______ 384 clock periods 


el 


Fig. 5 Analogue output pulses. 
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OPERATING CODE TABLE 


reg. (LIN3) + 1 
reg. (LIN2) +1 
reg. (LIN1) +1 


programme 
select + ON 
programme 
select + ON 
analogue base 
OFF 

reg. (LIN3) — 1 
reg. (LIN2) — 1 
reg. (LIN1) —1 


function 
mute (set/reset) 


spare functions 


ooooo°coe 


oOrr 00 


-O-o0 


oor-e 


BFR 
Te 2S 4 


je 


key-matrix 


position 
TRX. TRY. TRSL/| 0 


Note 


Reset mute also on programme select codes, (LIN1) + 1, and analogue base. 
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SAF1032P 
SAF1039P 


OPERATING OUTPUT CODE 


via remote 


non-operating 


(BIN.) (SEL.) 
B.C Bax 
stand-by’ OFF 0 0 0 0 
ON — ‘not hold’ condition 1 1 1 1 
non-operating 
ON — ‘hold’ condition x x 1 1 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage 

Input voltage 

Current into any terminal 
Power dissipation (per output) 
Power dissipation (per package) 
Operating ambient temperature 
Storage temperature 


Vop-Vss 
v\ 


Prot 
Tamb 
Tstg 


—0,5 to 11 
max. 11 
max 10 
max 50 
max 200 

—40to +85 
—65 to +150 


<< 


mA 
mW 
mW 
9C 
oc 
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SAF1039P 


Remote control system for infrared operation 


CHARACTERISTICS 
Tamb = 0 to +85 °C (unless otherwise specified) 


SAF 1039P only 


r bie ae A 


a 


symbol | min. typ. 


Recommended supply voltage | Vpp 7 - 10 
Supply current 
quiescent lbp 


operating; TRO1 at Vgs; 
outputs unloaded; 
one keyboard switch 
closed Ipp 


Inputs (note 1) 
TR@2; TINH (note 2) | 
input voltage HIGH VIH O08Vpp — Vppb Vv 
input voltage LOW VIL 0 - 02Vpp V 
input current I — 10°5 1 yA 
Outputs 
TRDT; TROS; TRO1 
output current HIGH 
at Vou = Vpp —0,5 V -loH | 0,4 - = mA 
Output current LOW 
at VoL = 0,4 V lOL 0,4 - - mA 
| TRDT output leakage 
current when disabled 
Vo=Vss to Vpp lot - - 1 BA 
TINH 
output current LOW | 
VoL =0,4V OL 
Oscillator 
maximum oscillator 
frequency fose 120 - = kHz 


frequency variation with 
supply voltage, temperature 
and spread of IC properties 
at fnom = 36 kHz (note 3) 


oscillator current drain 
at fnom = 36 kHz 


0,15from 


2; mA 


Notes follow characteristics. 
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SAF1032P 
SAF1039P 


CHARACTERISTICS 
Tamb = 0 to +85 °C (unless otherwise specified) 


SAF1032P only 


: Vop_ | Tamb 
symbol min. typ. max. V OC 
aa r 


Recommended supply voltage | Vpp 8 - 10 Vv 
Supply current 
quiescent Ipp a Fa 50 BA 40 25 


operating; |g = 0; at = = 
OSCI frequency of 100 kHz | 'DD : mA je 
Inputs 

DATA; @SCI; HOLD; 
TVOT (see note 4) 
input voltage HIGH ViH O7Vpp — Vpb 
input voltage LOW VIL 0 - 0,2Vpp 
MAIN; tripping levels j 

input voltage increasing Vii | G4Vpp — 0,9Vpp 
input voltage decreasing Via | 


8to 10) all 
8to 10) all 


—S 


5to 10} all 
5to 10} all 


° 
= 
Oo 
io] 
| 
2S 
ro) 
< 
1o) 
1e) 
<< 


istcurensatiows | age wk | to | 
input signal rise and fall H 
times (10% and 90% Vpp) | tr, tf = = 5 us 8to 10) all 
all inputs except MAIN i 
Outputs | | 
programme selection: | 
BINA/B/C/D | 
auxiliary: | 
SELA/B/C/D 
analogue: 
L3QT; L2OT; L10T 
TVOT (note 4) | 
all open drain n-channel 
output current LOW 
at VoL =0,4V 
output leakage current 
at Vg = Vss to Vpp 


1,6 - - mA 8 all 


For note 4 see next page. 
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SAF1032P 
SAF1039P 


Remote control system for infrared operation 


Notes to characteristics 
1. The keyboard inputs (TRX.; TRY.; TRSL) are not voltage driven (see application information 
diagram Fig. 6). 


If one key is depressed, the circuit generates the corresponding code. The number of keys 
depressed at a time, and this being recognized by the circuit as an illegal operation, depends on the 
supply voltage (Vpp) and the leakage current (between device and printed-circuit board) externally 
applied to the keyboard inputs. 


If no leakage is assumed, the circuit recognizes an operation as illegal for any number of keys > 1 
depressed at the same time with Vpp = 7 V. Ata leakage due to a 1 MQ resistor connected to each 
keyboard input and returned to either Vpp or Vgg, the circuit recognizes at least 2 keys depressed 
ata time with Vpp =7 V. 


The highest permissible values of the contact series resistance of the keyboard switches is 500 2. 
2. Inhibit output transistor disabled. 
3. Af is the width of the distribution curve at 2 a points (a = standard deviation). 


4. Terminal TVOT is input for manual ‘ON’. When applying a LOW level TVO@T becomes an output 
carrying a LOW level. 


| June 1981 797 


SAF1032P 
SAF1039P 


APPLICATION INFORMATION Z Z 
332 Gi 7 
Ven Es 
CQY89 (2x) 
BC368 
aye: 4 190 rele 220 BC548B <@ 
H uN 


BZX75 


x= 
2) x| 
F]eE|> 
Cl 
SAF1039P 150 pF 
(2 %) 
AlN 
| | &| sexer 
| fF] 56k2 (1%) 
Sy 
R2 100 k82 


| Po @10 @P11 @P12 


Peete 
Bass 
OO® we] | | 
a a 


OFF @S— 
S: saturation 


waa 
ay, B: brightness 
V:volume 
lig) 
ay, 
7274353.2 


Fig. 6 Interconnection diagram of transmitter circuit SAF 1039P in a remote 
control system, for a television receiver with 12 programmes. 
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volume 


10kN : 
(pin 5; TBA750) 


10kQ 47kQ 


BCS58 


brightness 
(pin 11; TDA2560) 


Vop +12V 


10k 180 kN 


10kN 100 kN 


saturation 
(pin 16; TOA2560) 


Voo 33k 
to pin9 of TDA2581 


to pin 4 of TDA2581 


100 nF 
i 72743544 


Fig. 8 Additional circuits from outputs L1@T (1), L2OT (2), L3@T (3) and 
TVOT (4) of the SAF1032P in circuit of Fig. 7. 
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TDA1001B 
TDA1001BT 


INTERFERENCE AND NOISE SUPPRESSION CIRCUIT 
FOR FM RECEIVERS 


GENERAL DESCRIPTION 


The TDA10018B is a monolithic integrated circuit for suppressing interference and noise in FM mono 
and stereo receivers. 


Features 

© Active low-pass and high-pass filters 

@ Interference pulse detector with adjustable and controllable response sensitivity 

© Noise detector designed for FM i.f. amplifiers with ratio detectors or quadrature detectors 
© Schmitt trigger for generating an interference suppression pulse 

@ Active pilot tone generation (19 kHz) 

@ Internal voltage stabilization 


QUICK REFERENCE DATA 


Supply voltage (pin 9) Vp typ. 12 V 
Supply current (pin 9) Ip typ. 14 mA 
A.F. input signal handling (pin 1) 

(peak-to-peak value) Vi(p-p) typ. Ly 
Input resistance (pin 1) Rj min. 35 kQ 
Voltage gain (V1.46/V6-16) Gy typ. 0,5 dB 
Total harmonic distortion THD typ. 0,25 % 
Bandwidth B typ. 70 kHz 
Suppression pulse threshold voltage 

(peak value); R13 =0 Vi(tr)OM typ. 19 mV 
Suppression pulse duration ts typ. 27 us 
Supply voltage range (pin 9) Vp 7,5 to 16 V 
Operating ambient temperature range Tamb —30 to +80 °C 


PACKAGE OUTLINE 


TDA1001B: 16-lead DIL; plastic (SOT38). 
TDA1001BT: 16-lead mini-pack; plastic (S016; SOT 109A). 
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HIGH -PASS 


FILTER i 
HIGH - PASS i j Bi 


AMPLIFIER AMPLIFIER 


TDA1001B NOISE 
DETECTOR 


INPUT STAGE 
(EMITTER- LON EAS 


FOLLOWER) AMPLIFIER BI 


LOW - PASS 
FILTER 


INTERFERENCE 
PULSE 
DETECTOR 


INTERFERENCE 
SUPPRESSION 
PULSE STAGE 


af. output 


Fig. 1 Block diagram. 
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SUPPRESSION 
PULSE 
GENERATOR 


SUPPLY 
VOLTAGE 
STABILIZER 


19 kHz 
PILOT - TONE 
GENERATOR 


19 kHz 
FILTER 
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TDA1001B 


Interference and noise suppression circuit for FM receivers 


TDA1001BT 

RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 9) Vp max. 18 V 
Input voltage (pin 1) V4-16 max. Vp V 
Output current (pin 6) 16 max. 1 mA 

—lg max. 15 mA 
Total power dissipation see derating curves Fig. 2 
Storage temperature range Tstg —65 to +150 °C 
Operating ambient temperature range Tamb —30 to +80 °C 


7287172 


Fig. 2 Power derating curves. 
in plastic DIL (SOT-38) package (TDA1001B) 

----- in plastic mini-pack (SO-16; SOT-109A) package (TDA1001BT); mounted on a ceramic 
substrate of 50 x 15x 0,7 mm. 
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CHARACTERISTICS 


Vp = 12 V; Tamb = 25 OC; measured in Fig. 4; unless otherwise specified 


a 


Input stage 


Input impedance (pin 1) 
f= 40 kHz 


Input resistance (pin 1) 
with pin 2 not connected 


Input bias current (pin 1) 
V1-16 =4.8V 


Output resistance (pin 2) 
unloaded 


Internal emitter resistance 
Low-pass amplifier 
Input resistance (pin 3) 
Input bias current (pin 3) 
Output resistance (pin 4) 
Voltage gain (V4/V3) 
Suppression pulse stage 
Input offset current at pin 5 
during the suppression time t, 
Output stage 
Output resistance (pin 6) 
Internal emitter resistance 
Current gain (I5/Ig) 


Pilot tone generation (19 kHz) 
Input impedance (pin 8) 


Output impedance (pin 7) 
pin 8 open 


Output bias current (pin 7) 
Current gain (17/Ig) 
High-pass amplifier 

Input resistance (pin 15) 
Input bias current (pin 15) 
Output resistance (pin 14) 


Voltage gain (V14/15) 


low-ohmic 
5,6 


50 


low-ohmic 
R6.16 
Gis/6 


\Zjg| 


IZo7/| 
107 
Gi7/8 


Ri15 
1115 
Ro14 
Gy14/15 
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ee ee 


A.G.C. amplifier; interference and 
noise detectors 


Interference and noise suppression circuit for FM receivers 


Internal resistance (pins 13 and 14) R13-14 
Operational threshold voltage 
(uncontrolled); peak value (pin 14) 


of the interference pulse detector 


£V14int m 
£V14nm 
V11-16M 


of the noise detector 
Output voltage (peak value; pin 11) 


Output control current (pin 12) 
(peak value) 


112M 
1912 


Output bias current (pin 12) 


Input threshold voltage for onset 
of control (pin 12) 
(Vivtryo +3 8) 


V12-9 
or: 


Suppression pulse generation 
(Schmitt trigger) 


Switching threshold (pin 11) 
1: gate disabled 


2: gate enabled 
Switching hysteresis 
Input offset current (pin 11) 


Output current (pin 10) 
gate disabled; peak value 


Reverse output current (pin 10) 


Sensitivity (pin 10) 
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APPLICATION INFORMATION 
Vp = 12 V; Tamb = 25 °C; f = 1 kHz; measured in Fig. 4; unless otherwise specified 


Fea TT 


Supply voltage range (pin 9) 


Quiescent supply current (pin 9) - 


Signal path 


D.C. input voltage (pin 1) V1-16 - 
Input impedance (pin 1); f=40 kHz IZj11 35 
D.C. output voltage (pin 6) V6-16 2,4 
Output resistance (pin 6) Ro6 

Voltage gain (Vg/V 4) Gy6/1 te) 
—3 dB point of low-pass filter f(_3aB) - 


Sensitivity for THD < 0,5% 
(peak-to-peak value) 


Vi(p-p) 1,2 
Residual interference pulse after suppression 
(see Fig. 3); pin 7 to ground; 
Vi(tr)M = 100 mV; (peak-to-peak value) 
Interference suppression at R13 = 0; 
notes 5 and 6; Vi(rms) = 30 mV; f = 19 kHz 
(sinewave); Vi(tr)m = 60 mV; f, = 400 Hz 


V6-16(p-p) 


aint 
Interference processing 
Input signal at pin 1; output signal at pin 10 


Suppression pulse threshold voltage; contro! 
function OFF (pin 9 connected to pin 12); 
r.m.s. value; note 1 


measured with sinewave input signal 
f = 120 kHz; -Vig.g9>1V 
at R13 =02 


at R13 = 2,7 kQ 


voltage difference for safe triggering/ 
non-triggering (r.m.s. value) 


Vi(tr)rms 


Vi(tr)rms 


AVi(rms) 
measured with interference pulses 
f = 400 Hz (see Fig. 3); peak value 
at R13 =02 


at R13 = 2,7 kQ 
Suppression pulse duration (note 2) 


Vi(tr)M 
Vi(tr)M 
ts 
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Interference and noise suppression circuit for FM receivers 


Noise threshold feedback control 
(notes 1 and 3) 


Noise input voltage (r.m.s. value) 
= 120 kHz sinewave 


for V42.9 = 300 mV 
at R13 =02 Vni(rms) 


at R13 = 2,7 kQ Vni(rms) 
for V2.9 = 425 mV (Vi(tr)9 +3 dB) 
at R13 =0Q Vni(rms) 
at R13 = 2,7 kQ Vni(rms) 
for V42.9 = 560 mV (Vi(tr)g + 20 dB) 
at R13=02 Vni(rms) 
at R13 = 2,7 kQ Vni(rms) 
Amplification control voltage by interference 
intensity (note 4) 
Vi(rms) = 50 mV; f = 19 kHz; 
Vi(tr)M = 300 mV; r.m.s. value 
at repetition frequency f, = 1 kHz 
at repetition frequency f, = 16 kHz 
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Notes to application information 


1. The interference suppression and noise feedback control thresholds can be determined by R13 ora 
capacitive voltage divider at the input of the high-pass filter and they are defined by the following 
formulae: 

Vi(tr) = (1 + R13/Rs) x Vi(tryo in which Rg = 2 kQ; 
Vai = (1 +R13/Rg) x Vaig_ in which Rg = 2kQ. 

2. The suppression pulse duration is determined by C11 = 2,2 nF and R11 =6,8 kQ. 

3. The characteristic of the noise feedback control is determined by R12 (and R10). 

4. The feedback control of the interference suppression threshold at higher repetition frequencies is 
determined by R10 (and R12). 

5. The 19 kHz generator can be adjusted with R7_4g (and R7.g). Adjustment is not required if compo- 
nents with small tolerances are used e.g. AR < 1% and AC < 2%. 

6. Measuring conditions: 


808 


The peak output noise voltage (Vag m, CCITT filter) shall be measured at the output with a de- 
emphazing time T = 50 us (R = 5 k22, C = 10 nF); the reference value of O dB is Vo jpt with the 
19 kHz generator short-circuited (pin 7 grounded). 


+ VittyM 7287173 
(mv) 
1 
SQUARE - WAVE 09 
INPUT VOLTAGE wn 
) 
_ 
Vv 0 
SUPPRESSION 10-9 
PULSE (TRIGGER) (V) 
OUTPUT 15 
over - shoot of the 
low-pass filter 
7 : a 
OUTPUT Ll de 
VOLTAGE (mv) 
=< offset voltage voltage 
=a, } and drift 


i) 10 20 30 


0 5 
time (us) 


Fig. 3 Measuring signal for interference suppression; at the input (pin 1) a square-wave is applied 
with a duration of ty, = 10 us and with rise and fall times t, = t¢ = 10 ns. 


Neremher 19R2 { 


Interference and noise suppression circuit for FM receivers 


HIGH = PASS FILTER 


430k2 4.7 0F 
= 


330pF |330pF 330pF 330pF 


2 21 a7, 
kKQ] | kKQ] | ka 


a 


47kKQ 


47kQ 47k2 


10 Vp 


Jones 


| |zzne 10 nF 


R13 


LOW-PASS FILTER 


TDA1001B 
TDA1001BT 


Vs 
(10 to 16) 
Z 4 4 
ie 
RV 68n 220uFaS ft 
6.BkR + 
cu 
22nF 220nF 
15k2 1,5k2 


i at 
Za a 7287170 


19 kHz FILTER 


Fig. 4 Application circuit diagram. 


| December 1982 


809 


TDA1010A 


6 W AUDIO POWER AMPLIFIER IN CAR APPLICATIONS 
10 W AUDIO POWER AMPLIFIER IN MAINS-FED APPLICATIONS 


The TDA1010A isa monolithic integrated class-B audio amplifier circuit in a 9-lead single in-line (SIL) 
plastic package. The device is primarily developed as a 6 W car radio amplifier for use with 4 2 and 


2 2 load impedances. The wide supply voltage range and the flexibility of the IC make it an attractive 
proposition for record players and tape recorders with output powers up to 10 W. 


Special features are: 

®@ single in-line (SIL) construction for easy mounting 
© separated preamplifier and power amplifier 

® high output power 

© low-cost external components 

® good ripple rejection 

® thermal protection 


QUICK REFERENCE DATA 


Supply voltage range 
Repetitive peak output current 
Output power at pin 2; drot = 10% 

Vp=14,4V; RL =22 

Vp=14,4V; RL =42 

Vp=14,4V;R_ =82 

Vp = 14,4 V; RL = 2 Q; with additional 

bootstrap resistor of 220 2 between pins 3 and 4 

Total harmonic distortion at Pp = 1W; Ry =4 2 


Input impedance 
preamplifier (pin 8) 
power amplifier (pin 6) 


Total quiescent current at Vp = 14,4 V 
Sensitivity for Pp = 5,8 W; RL =42 
Operating ambient temperature 
Storage temperature 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT 110B). 


Vp 6 to 24 V 
loRM max. 3A 
Po typ. 6,4 W 
Po typ. 6,2 W 
Po typ. 3,4 W 
Po typ. 9W 
dtot typ. 0,2 % 
|Z; | typ. 30 kQ 
| 2; | typ. 20 kQ 
lot typ. 31 mA 
Vi typ. 10 mV 
Tamb —25 to+ 150 °C 
Tstg —55 to+ 150 °C 


a See. November 1982 
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TDA1010A 


6 W audio power amplifier in car applications 
10 W audio power amplifier in mains-fed applications 


RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp max. 24 V 
Peak output current 1om max. 5A 
Repetitive peak output current lOoRM max. 3A 
Total power dissipation see derating curve Fig. 2 
Storage temperature Tstg —55 to+ 150 °C 
Operating ambient temperature Tamb —25 to+ 150 °C 


A.C, short-circuit duration of load 
during sine-wave drive; 
without heatsink at Vp = 14,4 V tse max. 100 hours 


7Z76419.3 


Fig. 2 Power derating curve. 


HEATSINK DESIGN 

Assume Vp = 14,4 V; RU = 2 2; Tamb = 60 OC maximum; thermal shut-down starts at T; = 150 °C. 
The maximum sine-wave dissipation in a 2 2 load is about 5,2 W. The maximum dissipation for music 
drive will be about 75% of the worst-case sine-wave dissipation, so this will be 3,9 W. Consequently, the 


total resistance from junction to ambient ey 5 
150 — 60 _ 
Rthj-a = Rthj-tab + Rth tab-h + Rthh-a=——gg_ = 23 KW. 


Since Rth j-tab = 10 K/W and Rth tab-h = 1 KM, 


Rthh-a = 23 — (10+ 1) = 12 KW. 
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D.C. CHARACTERISTICS 


Supply voltage range Vp 6 to 24 V 
Repetitive peak output current IORM < 3A 
Total quiescent current at Vp = 14,4 V ltot typ. 31 mA 


A.C. CHARACTERISTICS 
Tamb = 25 OC; Vp = 14,4 V; R_ =4 2; f= 1 kHz unless otherwise specified; see also Fig. 3. 


A.F. output power (see Fig. 4) at dtot = 10%; 
measured at pin 2; with bootstrap 


Vp = 14,4 V; RL =2 2 (note 1) Po typ. 6,4 W 
a . - {> 5,9 W 
Vp = 14,4 V; RL =4 Q (note 1 and 2) Po L typ: 6.2 W 
Vp = 14,4 V; Ry =8 Q (note 1) Po typ. 3,4 W 
Vp = 14,4 V; RL = 4 Q; without bootstrap Po typ. 5,7 W 
Vp = 14,4 V; Ry = 2 Q; with additional bootstrap 
resistor of 220 Q between pins 3 and 4 Po typ. 9W 
Voltage gain 
preamplifier (note 3) Gy ir ns = os 
; B 
power amplifier Gy2 a to = os 
P i 54 dB 
total amplifier Gy tot 4 to57 . 
Total harmonic distortion at Py = 1W dtot typ. 0,2 % 
Efficiency at Pp =6W n typ. 75 % 
Frequency response (—3 dB) B 80 Hz to 15 kHz 
Input impedance 
ao " typ. 30 k2Q 
preamplifier (note 4) | Z; | 20 to 40 k2 
F 2 
power amplifier (note 5) | Z; | ae os ps ms 
¥ kQ 
Output impedance of preamplifier; pin 7 (note 5) | Zo| cd 3 - kQ 
Output voltage preamplifier (r.m.s. value) 
dtot < 1% (pin 7) (note 3) Vo(rms) > 0,7 V 
Noise output voltage (r.m.s. value; note 6) 
Rs =02 Vni(rms) typ. 0,3 mV 
. typ. 0,7 mV 
Rg = 8,2k2 Vin(rms) < 1,4 mV 
Ripple rejection at f = 1 kHz to 10 kHz (note 7) RR > 42 dB 
at f = 100 Hz; C2 = 1 uF RR > 37 dB 
Sensitivity for Pp = 5,8 W Vj typ. 10 mV 
Bootstrap current at onset of clipping; pin 4 (r.m.s. value) 14(rms) typ. 30 mA 
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6 W audio power amplifier in car applications 
10 W audio power amplifier in mains-fed applications 


Notes 


1. Measured with an ideal coupling capacitor to the speaker load. 


2. Up to Pp <3 W: dot < 1%. 
3. Measured with a load impedance of 20 kQ. 
4. Independent of load impedance of preamplifier. 
5. Output impedance of preamplifier (| Zo| ) is correlated (within 10%) with the input impedance 
(|2Z;| ) of the power amplifier. 
6. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave). 
7. Ripple rejection measured with a source impedance between 0 and 2 k& (maximum ripple amplitude: 


2V). 
8. The tab must be electrically floating or connected to the substrate (pin 9). 


Zz z ippl 
ripple 
c2 oT. c5 t voltage 


meter 


7276418.2 


Fig. 3 Test circuit. 
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Fig. 4 Output power of the circuit of Fig. 3 as a function of the supply voltage with the load impedance 
as a parameter; typical values. Solid lines indicate the power across the load, dashed lines that available 
at pin 2 of the TDA1010. Ry = 22 (1) has been measured with an additional 220 2 bootstrap resistor 
between pins 3 and 4. Measurements were made at f = 1 kHz, dtot = 10%, Tamb = 25 OC. 


Fig. 5 See next page. 

Total harmonic distortion in the circuit of Fig. 3 as a function of the output power with the load 
impedance as a parameter; typical values. Solid lines indicate the power across the load, dashed lines 
that available at pin 2 of the TDA1010. Ry = 2.2 (1) has been measured with an additional 220 2 
bootstrap resistor between pins 3 and 4. Measurements were made at f = 1 KHz, Vp = 14,4 V. 
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6 W audio power amplifier in car applications TDA1010A 
10 W audio power amplifier in mains-fed applications 


7277910 


107! 1 Py (W) 10 


Fig. 5 For caption see preceding page. 


10 102 2 104 f (Hz) 108 


Fig. 6 Frequency characteristics of the circuit of Fig. 3 for three values of load impedance; typical 
values. Pg relative to 0 dB = 1 W; Vp = 14,4 V. 


| November 1982 817 


TDA1010A 


7277914 


6 HEE A-A-E-H-H-A-E---A-AA-E- 


20 


alata, 


Py (W) 8 


Fig. 7 Total power dissipation (solid lines) and the efficiency (dashed lines) of the circuit of Fig. 3 as 
a function of the output power with the load impedance as a parameter (for R L = 2 2 an external 
bootstrap resistor of 220 92 has been used); typical values. Vp = 14,4 V; f = 1 kHz. 
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6 W audio power amplifier in car applications 
10 W audio power amplifier in mains-fed applications 
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heatsink area (cm2) 


Fig. 8 Thermal resistance from heatsink to ambient of a 1,5 mm thick bright aluminium heatsink as a 
function of the single-sided area of the heatsink with the total power dissipation as a parameter. 
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6 W audio power amplifier in car applications TDA1010A 
10 W audio power amplifier in mains-fed applications 


TDA1010A 


7277931 


Fig. 10 Track side of printed-circuit board used for the 
circuit of Fig. 9; p.c. board dimensions 92 mm x 52 mm. 


output 
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Fig. 11 Component side of printed-circuit board 
showing component layout used for the circuit of Fig. 9. 
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Fig. 15 Channel separation of the circuit of Fig. 12 as a function of the frequency. 
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Fig. 16 Power supply of circuit of Fig. 17. 
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Fig. 18 Track side of printed-circuit board used for the circuit ne Ae8 
of Fig. 17 (Fig. 16 partly); p.c. board dimensions 169 mm x 118 mm. 
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10 W audio power amplifier in mains-fed applications 
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- 7277936 
Fig. 19 Component side of printed-circuit board showing 
component layout used for the circuit of Fig. 17 (Fig. 16 partly). 
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Fig. 20 Channel separation of the circuit of Fig. 17 as a function of frequency. 
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TDAt011 


2 TO 6 W AUDIO POWER AMPLIFIER 


The TDA1011 is a monolithic integrated audio amplifier circuit in a 9-lead single in-line (SIL) plastic 
package. The device is especially designed for portable radio and recorder applications and delivers up 

to 4 W in a 42 load impedance. The device can deliver up to 6 W into 4 2 at 16 V loaded supply in 
mains-fed applications. The maximum permissible supply voltage of 24 V makes this circuit very suitable 
for d.c. and a.c. apparatus, while the very low applicable supply voltage of 3,6 V permits 6 V applications. 
Special features are: 

® single in-line (SIL) construction for easy mounting 

® separated preamplifier and power amplifier 

® high output power 

® thermal protection 

® high input impedance 

@ low current drain 

@ limited noise behaviour at radio frequencies 


QUICK REFERENCE DATA 


Supply voltage range Vp 3,6 to 20 V 
Peak output current lom max. 3A 
Output power at dot = 10% 

Vp=16V;R_ =42 Po typ. 6,5 W 

Vp=12V; RL =42 Po typ. 4.2 W 

Vp= 9V;RL=42 Po typ. 2,3 W 

Vp= 6V;RL=42 Po typ. 1,0 W 
Total harmonic distortion at Pp = 1W; RL =42 dtot typ. 0,2 % 
Input impedance 

preamplifier (pin 8) | Z;| > 100 kQ 

power amplifier (pin 6) | Zi| typ. 20 kQ 
Total quiescent current ltot typ. 14 mA 
Operating ambient temperature Tamb —25 to + 150 °C 
Storage temperature Tstg —55 to+ 150 °C 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT110B). 
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Fig. 1 Circuit diagram. 
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2 to 6 W audio power amplifier TDA10O11 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vp max. 24 V 
Peak output current lom max. 3A 
Total power dissipation see derating curve Fig. 2 
Storage temperature Tstg —55 to+ 150 °C 
Operating ambient temperature Tamb ~25 to + 150 °C 
A.C. short-circuit duration of load 

during sine-wave drive; Vp = 12 V tse max. 100 hours 


75 ret 2 


ithout 
eatsink 


—25 0 +50 +100 Tien Tarbe) 
Fig. 2 Power derating curve. 


HEATSINK DESIGN 

Assume Vp = 12 V; Ru = 4 Q; Tamb = 60 OC maximum; Py = 3,8 W. 

The maximum sine-wave dissipation is 1,8 W. 

The derating of 10 K/W of the package requires the following external heatsink (for sine-wave drive): 


_150—60 _ 
Rthj-a = Rthj-tab + Rthtab-h + Rthha=—7_ = 50 KM. 


Since Rthj-tab = 10 K/W and Rthtab-h = 1 KM, Rthha = 50— (10+ 1) = 39 KW. 
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TDAtO11 


D.C. CHARACTERISTICS 


Supply voltage range Vp 3,6 to 20 V 
Repetitive peak output current lonm < 2A 

A e typ. 14 mA 
Total quiescent current at Vp = 12 V ltot < 22 mA 


A.C. CHARACTERISTICS 
Tamb = 25 OC; Vp = 12 V; RL = 4 Q; f = 1 kHz unless otherwise specified; see also Fig. 3. 


A.F. output power at dtot = 10% (note 1) 
with bootstrap: 


Vp= 16 V; RL =4Q2 Po typ. 6,5 W 
Vp=12V;R, =42 Pp > 3,6 W 
4 : ie typ. 4,2 W 
Vp= 9V;RL=42 Py typ 2,3 W 
Vp= 6V; RL =42 Po typ. 1,0 W 
without bootstrap: 
Vp=12V;R, =42 Po typ. 3,0 W 
Voltage gain: 
preamplifier (note 2) Gy1 ee % = = 
power amplifier Gy2 es = a = 
Ses 2 B 
total amplifier Gy tot aoe to es 
of 
Total harmonic distortion at Pp = 1,5 W dtot = a ra 
Frequency response; —3 dB (note 3) B 60 Hzto 15 kHz 
Input impedance: 
a > 100 kX 
lif 4 . 
preamplifier (note 4) |Zi1| typ. 200 k2 
power amplifier | Zj2 | typ. 20 kQ 
Output impedance preamplifier |2Zo1| typ. 1 kQ 
Output voltage preamplifier (r.m.s. value) 
dtot < 1% (note 2) Volrms) > 07 Vv 
Noise output voltage (r.m.s. value; note 5) 
Rg = 02 Vn(rms) tYP- 0,2 mV 
: 0,6 mV 
Rg = 10k Vatems) oP a4 mV 
Noise output voltage at f = 500 kHz (r.m.s. value) 
B=5 kHz; Rg =02 Vi(rms) tYP- 8 pV 
Ripple rejection (note 6) 
f=1to 10 kHz RR typ. 42 dB 
f = 100 Hz; C2 = 1 pF RR > 35 dB 
Bootstrap current at onset of clipping; pin 4 (r.m.s. value) la(rms)  tYP- 35 mA 
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2 to 6 W audio power amplifier TDA1011 


Notes 


1, Measured with an ideal coupling capacitor to the speaker load. 
2. Measured with a load resistor of 20 kQ. 


3. Measured at P, = 1 W; the frequency response is mainly determined by C1 and C3 for the low 
frequencies and by C4 for the high frequencies. 


4. Independent of load impedance of preamplifier. 
Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave). 


. Ripple rejection measured with a source impedance between 0 and 2 kQ (maximum ripple 
amplitude : 2 V). 


7. The tab must be electrically floating or connected to the substrate (pin 9). 


aa 


7, 
2 C6 als ripple voltage 
meter 
100 nF R1 300k2 100nF 
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Fig. 3 Test circuit. 


November 1982 833 


TDAI011 


APPLICATION INFORMATION 


Zz 
wk slew, 


PREAMP. POWER 


AMP. 


1 


O 
7274906.2 


7278629.1 


40 ry] 
iy] 
a 
| nia 
tot Be 
(mA) H 
Ew 
SEE 
RAR 

BE 


| Sasa ae eee 


\ 


Vp (V) 30 


Fig. 5 Total quiescent current as a function of supply voltage. 
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2 to 6 W audio power amplifier TDA1011 
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Fig. 6 Track side of printed-circuit board used for the circuit of Fig. 4; 
p.c. board dimensions 62 mm x 48 mm. 


output 
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Fig. 7 Component side of printed-circuit board showing component layout used for the circuit of Fig. 4. 
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Fig. 8 Total harmonic distortion as a function of output power across R_; with bootstrap; 
— — — without bootstrap; f = 1 kHz; typical values. The available output power is 5% higher when 
measured at pin 2 (due to series resistance of C10). 
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Fig. 9 Output power across R, asa function of supply voltage with bootstrap; tot = = 10%; typical 
values. The available output power is 5% higher when measured at pin 2 (due to series resistance of C10). 
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2 to 6 W audio power amplifier TDA1011 
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Fig. 10 Voltage gain as a function of frequency; Po relative toOdB=1W;Vp=12V;R, =4Q. 
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Fig. 11 Total harmonic distortion as a function of frequency; Po=1W; Vp=12V; RL =4Q. 
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Fig. 12 Ripple rejection as a function of R2 (see Fig. 4); Rg = 0; typical values. 
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Fig. 13 Noise output voltage as a function of R2 (see Fig. 4); measured according to A-curve; capacitor 
C5 is adapted for obtaining a constant bandwidth. 
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2 to 6 W audio power amplifier TDA1011 
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Fig. 14 Noise output voltage as a function of frequency; curve a: total amplifier; curve b: power 
amplifier; B = 5 kHz; Rg = 0; typical values. 
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Fig. 15 Voltage gain as a function of R2 (see Fig. 4). 
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TDA1013B 


4 W AUDIO POWER AMPLIFIER WITH DC VOLUME CONTROL 


GENERAL DESCRIPTION 

The TDA10138B is an integrated audio amplifier circuit with DC volume control, encapsulated in a 
9-lead single in-line (SIL) plastic package. The wide supply voltage range makes this circuit ideal for 
applications in mains and battery-fed apparatus such as television receivers and record players. 

The DC volume control stage has a logarithmic control characteristic with a range of more than 80 dB; 
control is by means of a DC voltage variable between 2 and 6.5 V. 


The audio amplifier has a well defined open loop gain and a fixed integrated closed loop. This device 
requires only a few external components and offers stability and performance. 


Features 

@ Few external components @ Fixed gain 

@ Wide supply voltage range © High signal-to-noise ratio 
@ Wide control range @ Thermal protection 


@ Pin compatible with TDA1013A 


conditions | symbol | min. typ. | max. | unit | 
Vp /10 |18 |40 |v 


Repetitive peak output | | | 
current lopm |- /- 


Total sensitivity Po =2.5W; 
DC control at max. gain | Vj 144 | 55 


QUICK REFERENCE DATA 


parameter 


| Supply voltage 


Audio amplifier | 
Output power THD = 10%; Rp = 82 Po | 4.0 4.2 


| - Ww 
| Total harmonic distortion Po = 2.5W; RL =82 THD | — 0.15 }0.1 | % 
| Sensitivity Po = 2.5W Vi | 100 | 125 | 160 | mv 
DC volume control unit | 
Gain control range |AGy| = dB 
Signal handling THD < 1%; 
DC control = 0 dB Vv | 


Vo = 125 mV; 
max. voltage gain 


Sensitivity (pin 6) 


Input impedance (pin 8) 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT110B). 
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Fig.1 Block diagram. 


PINNING 

signal ground 
amplifier output 
supply voltage 
electronic filter 
amplifier input 
control unit output 
control voltage 
control unit input 
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4 W audio power amplifier with DC volume control TDA1013B 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter 


40 


| ] 
Supply voltage Vp | be 
| 


Non-repetitive peak output current {osm - 3 

Repetitive peak output current | ORM | - 1.5 

Storage temperature range | Tstg | —65 + 150 

Crystal temperature | - + 150 
see Fig. 2 


Total power dissipation 


7221647 


Tamb °c) 


infinite heatsink 
-—----- without heatsink 


Fig.2 Power derating curve. 


HEATSINK DESIGN EXAMPLE 

Assume Vp = 18 V; RL = 8 2; Tamb = 60 °C; Te = 150 °C (max.); for a 4 W application, the maximum 
dissipation is approximately 2.5 W. The thermal resistance from junction to ambient can be expressed 
as: 


Rth j-a = Rth j-tab + Rth tab-h + Rth ha = 


Tj max — Tamb max _ 150-60 _ sou 
25 


Pmax 


Since Rtp j-tab = 9 K/W and Rth tab-h = 1 K/W, Rth ha = 36 — (9+ 1) = 26 K/W. 
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TDA1013B 


CHARACTERISTICS 
Vp= 18 V; RL =8Q; f= 1 kHz; Tamb = 25 OC; see Fig. 10; unless otherwise specified 


ee 
Parameter | conditions symbol typ. max. | unit 
Supply voltage range Vp | 18 
Total quiescent current | | ltot - 25 60 mA | 
Noise output voltage note 1 | | 
at maximum gain | Rg = 02 Vn - | 0.5 | — mV | 
at maximum gain | Rg=5kQ 1Va - | 0.6 | 1.4 | mV 
at minimum gain | Rg= 02 | Va - 0.25 - mV 
Total sensitivity Py =2.5W; } | 
| | DC control at max. gain | Vj 144 | 55 69 | mV 
| 
| Audio amplifier | | 
| Repetitive peak output | 
current loRmM | — = 1.5 A | 
| Output power | THD=10%;RL=82 (Pp |40 142 |- |w | 
Total harmonic distortion | Po = 2.5W; RL =82 THD | — | 0.15 1.0 | % 
Sensitivity | Py =2.5W Vi 100 | 125 | 160 | mv 
Input impedance (pin 5) IZj\ / 100 | 200 | 500 , kQ 
Power bandwidth | Bp = | 30to | 
| 40 000 | — Hz 
DC volume control unit 
Gain control range | |AGy| 80 90 = | dB 
Signal handling | THD < 1%; | 
| DC control = 0 dB Vj 1.2 1.7 = aaa (eh 
Sensitivity (pin 6) | Vo = 125 mV; 
| max. voltage gain 55 mV 
Input impedance (pin 8) kQ 
Output impedance (pin 6) 


Note to the characteristics 


1. Measured in a bandwidth in accordance with IEC 179, curve ‘A’. 
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4 W audio power amplifier with DC volume control TDA1013B 


APPLICATION INFORMATION 


7Z21640.1 


Fig.3 Output power as a function of supply voltage; f = 1 kHz; 
THD = 10% and control voltage (V7) = 6.5 V. 
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Fig.4 Power dissipation as a function of output power; Vp = 18 V; 
f = 1kHz; Ri = 8 Q and control voltage (V7) = 6.5 V. 
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APPLICATION INFORMATION (continued) 
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Fig.5 Power bandwidth; Vp = 18 V; RL =8Q; 
THD = 10% and control voltage (V7) = 6.5 V. 


7Z21643 


MTT TTT TTT 
PA PT TTT 

Re ail 
PN ETT 
PNT TTT 
PT NUE TT 
PNT TU TTT 
a 


LLIN TAT TTT 
eT 
LLL PT | 


10 103 104 10° 
t (Hz) 


0 


Fig.6 Total harmonic distortion as a function of frequency; 
Vp = 18 V; RL = 8 Q; Po = 2.5 W and control voltage = 6.5 V. 
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4 W audio power amplifier with DC volume control TDA1013B 
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10 72216: 


Fig.7 Total harmonic distortion as a function of output power; 
Vp = 18 V; R,_ = 8 Q and control voltage = 6.5 V. 
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Fig.8 Typical control curve. 
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APPLICATION INFORMATION (continued) 
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Fig.9 Noise output voltage as a function of the control voltage; Vp = 18 V; 
Rx, = 8 Q (in accordance with IEC 179, curve ‘A’). 
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(1) Belongs to power supply circuitry. 


Fig.10 Application diagram. 
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1 TO 4 W AUDIO POWER AMPLIFIER 


The TDA1015 is a monolithic integrated audio amplifier circuit in a 9-lead single in-line (SIL) plastic 
package. The device is especially designed for portable radio and recorder applications and delivers up 


to 4 W in a4 & load impedance. The very low applicable supply voltage of 3,6 V permits 6 V applications. 


Special features are: 

@ single in-line (SIL) construction for easy mounting 
©@ separated preamplifier and power amplifier 

@ high output power 

@ thermal protection 

@ high input impedance 

@ low current drain 

@ limited noise behaviour at radio frequencies 


QUICK REFERENCE DATA 


Supply voltage range Vp 3,6to 18 V 
Peak output current lom max. 25 A 
Output power at dtot = 10% 

Vp=12V; Rp =4Q Py typ. 4,2 W 

Vp= 9V; RL =4Q Po typ. 2,3 W 

Vp= 6V;RL=42 Po typ. 1,0 W 
Total harmonic distortion at Pp = 1W; RL =42 dtot typ. 0,3 % 
Input impedance 

preamplifier (pin 8) 1z;| > 100 kQ 

power amplifier (pin 6) {2i| typ. 20 kQ 
Total quiescent current ltot typ. 14 mA 
Operating ambient temperature Tamb —25 to+ 150 °C 
Storage temperature Tstg —55 to + 150 °C 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT 110B). 
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Fig. 1 Circuit diagram. 
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1 to 4 W audio power amplifier TDA1015 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage Vp max. 18 V 
Peak output current lom max. 25 A 
Total power dissipation see derating curve Fig. 2 
Storage temperature Tstg —55 to+ 150 °C 
Operating ambient temperature Tamb —25 to + 150 °C 
A.C, short-circuit duration of load 
during sine-wave drive; Vp = 12 V tse max. 100 hours 
j 57 7Z78628.2 
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Fig. 2 Power derating curve. 


HEATSINK DESIGN 
Assume Vp = 12 V; Ru = 4 Q; Tamb = 45 OC maximum. 
The maximum sine-wave dissipation is 1,8 W. 


150 —45_ 
Rthj-a = Rthj-tab + Rth tab-h * Rthha= 7g = 58 KW. 


Where Rtp j-a of the package is 45 K/W, so no external heatsink is required. 
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TDA1015 


D.C. CHARACTERISTICS 
Supply voltage range Vp 3,6 to 18 V 
Repetitive peak output current lonrm < 2A 


typ. 14 mA 


Total quiescent current at Vp = 12 V 'tot < 25 mA 


A.C. CHARACTERISTICS 
Tamb = 25 °C; Vp = 12 V; Ry = 4 2; f = 1 kHz unless otherwise specified; see also Fig. 3. 


A.F. output power at dtot = 10% (note 1) 
with bootstrap: 


Vp=12V; RL =42 Po typ. 4,2 W 
Vp= 9V;RL=42 Po typ. 2,3 W 
Vp= 6V;R_ =4Q Po typ. 1,0 W 
without bootstrap: 

Vp=12V; RL =42 Po typ. 3,0 W 

Voltage gain: 
preamplifier (note 2) Gy1 typ. 23 dB 
power amplifier Gy2 typ. 29 dB 
total amplifier Gy tot har +6 oe ve 

Total harmonic distortion at Po = 1,5 W dtot ig ve ef 

Frequency response; —3 dB (note 3) B 60 Hzto 15 kHz 

Input impedance: > 100 kQ 
preamplifier (note 4) |2i1| typ. 200 k2 
power amplifier | 2i2| typ. 20 kQ 

Output impedance preamplifier |Zo1| typ. 1 kQ 

Output voltage preamplifier (r.m.s. value) 
dtot < 1% (note 2) Vo(rms) typ: 0,8 V 

Noise output voltage (r.m.s. value; note 5) 

Rg =02 Vi(rms) tYP- 0,2 mV 
Rs = 10 k2 Vnr(rms) tYP- 0,5 mV 

Noise output voltage at f = 500 kHz (r.m.s. value) 

B=5 kHz; Rg =02 Vin(rms) tYP- 8 pV 

Ripple rejection (note 6) 

= 100 Hz RR typ. 38 dB 
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1 to 4 W audio power amplifier TDA1015 


Notes 


1. Measured with an ideal coupling capacitor to the speaker load. 
2. Measured with a load resistor of 20 kQ2. 


3. Measured at P, = 1 W; the frequency response is mainly determined by C1 and C3 for the low 
frequencies and by C4 for the high frequencies. 


— 


. Independent of load impedance of preamplifier. 
5. Unweighted r.m.s. noise voltage measured at a bandwidth of 60 Hz to 15 kHz (12 dB/octave). 


. Ripple rejection measured with a source impedance between 0 and 2 kQ (maximum ripple 
amplitude : 2 V). 


cop) 


7. The tab must be electrically floating or connected to the substrate (pin 9). 


oy, 
C2 C6 i ripple voltage 
100nF meter 


PREAMP. 


7Z89094.1 


Fig. 3 Test circuit. 
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TDA1015 


APPLICATION INFORMATION 
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Fig. 5 Total quiescent current as a function of supply voltage. 
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1 to 4 W audio power amplifier TDA1015 
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Fig. 6 Total harmonic distortion as a function of output power across R, ; with bootstrap; 
—— — without bootstrap; f = 1 kHz; typical values. The available output power is 5% higher when 
measured at pin 2 (due to series resistance of C10). 


7Z89096 


0 5 10 15 Vp (V) 20 


Fig. 7 Output power across R\_ as a function of supply voltage with bootstrap; dro = 10%; typical 
values. The available output power is 5% higher when measured at pin 2 (due to series resistance of C10). 
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TDA1015 
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Fig. 8 Voltage gain as a function of frequency; Py relative toO dB = 1W; Vp=12V;R, =42. 
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Fig. 9 Total harmonic distortion as a function of frequency; Pp = 1 W; Vp= 12 V; RL =42. 
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1 to 4 W audio power amplifier TDA1015 
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Fig. 10 Ripple rejection as a function of R2 (see Fig. 4); Rs = 0; typical values. 
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Fig. 11 Noise output voltage as a function of R2 (see Fig. 4); measured according to A-curve; capacitor 
C5 is adapted for obtaining a constant bandwidth. 
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TDA1015 
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Fig. 12 Noise output voltage as a function of frequency; curve a: total amplifier; curve b: power 
amplifier; B = 5 kHz; Rg = 0; typical values. 
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Fig. 13 Voltage gain as a function of R2 (see Fig. 4). 
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0,5 W AUDIO POWER AMPLIFIER 


GENERAL DESCRIPTION 


The TDA1015T is a low-cost audio amplifier which can deliver up to 0,5 W output power into a 16 2 
load impedance at a supply voltage of 9 V. The amplifier is specially designed for portable applications 


TDA1015T 


such as radios and recorders. The IC has a very low supply voltage requirement (3,6 V min.). 


Features 

@ High input impedance 

@ Separated preamplifier and power amplifier 
@ Limited noise behaviour at radio frequencies 
© Short-circuit protected 

@ Miniature encapsulation 


QUICK REFERENCE DATA 


Supply voltage range 

Peak output current 

Output power 

Voltage gain power amplifier 

Voltage gain preamplifier 

Total quiescent current 

Operating ambient temperature range 
Storage temperature range 


PACKAGE OUTLINE 
8-lead mini-pack; plastic (SO8; SOT96A). 


ltot 
Tamb 
Tstg 


3,6 to12 V 
max. 1A 
typ. 0,5 W 
typ. 29 dB 
typ. 23 dB 
max. 22 mA 


—25 to +150 °C 
—55 to +150 OC 


March 1986 
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TDA1015T 


RATINGS 


Fig. 1 Block diagram. 


POWER 
AMPLIFIER 


TDAI015T 


7287971. 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage 

Peak output current 
Total power dissipation 
Storage temperature range 


A.C. short-circuit duration of load 
during sine-wave drive at Vp = 9 V 


Vp max. 12 V 

lom max. 1A 

see derating curve Fig. 2 
—55 to +150 °C 


tsc max. 1 hour 


7287973 


150 


Tamb (oC) 


Fig. 2 Power derating curve. 
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0,5 W audio power amplifier TDA1015T 


CHARACTERISTICS 
Tamb = 25 °C; Vp = 9 V; RL = 16 22; f = 1 kHz; see Fig. 3; unless otherwise specified 


Parameter symbol min. 
Supply voltage Vp 3,6 
Repetitive peak output current IORM = 


Total quiescent current ltot = 
A.F. output power at dtot = 10% 


(note 1) 

Vp=9V;RL=162 | Po tas 

Vp=6V;RL= 82 Po i 
Voltage gain power amplifier Gy ote 
Voltage gain preamplifier (note 2) Gy2 = 
Total voltage gain Gtot 49 
Frequency response at —3 dB (note 3) B _ 
Input impedance power amplifier IZj41 ee 
Input impedance preamplifier (note 4) } |2j21 100 
Output impedance preamplifier IZ921 05 


Output voltage preamplifier (r.m.s. value) 
| dtot < 1% (note 2) Vo2(rms) - 


Noise output voltage (r.m.s. value) 


(note 5) 
Rs= 02 Va(rms) = 
Rs = 10k2 Vn(rms) = 


Noise output voltage (r.m.s. value) 
f = 500 kHz; B = 5 kHz; Rg=02 


Ripple rejection at f = 100 Hz; 
C2 = 1 uF (note 6) 


Va(rms) 


RR 


Notes to the characteristics 

1. Output power is measured with an ideal coupling capacitor to the speaker load. 

2. Measured with a load resistance of 20 kQ2. 

3. The frequency response is mainly determined by the capacitors, C1, C3 (low frequency) and C4 
(high frequency). 

4. Independent of load impedance of preamplifier. 

5. Effective unweighted r.m.s. noise voltage measured in a bandwidth from 60 Hz to 15 kHz (slopes 
12 dB/octave). 

6. Ripple rejection measured with a source impedance between 0 and 2 kQ (maximum ripple amplitude 
of 2V). 
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TDA1015T 


APPLICATION INFORMATION 


c2 
6 
100nF 
oH PREAMP 
ci + C5 
> 220uF 
LU YR 


input 
c3 c4 


100nF 6,8nF 


7295550 


Fig. 3 Test circuit. 


72Z87972.1 Rp=42 BQ = 12 z297115 


ot | Pea 
i) 4 


8 vpiv) 12 


Fig. 4 Total quiescent current as a function Fig. 5 Output power as a function of supply 

of supply voltage. voltage; dtot = 10%; f = 1 kHz. 

measured in Fig. 3 

———— measured with a 1,5 MQ resistor 
connected between pins 7 and 2. 
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0,5 W audio power amplifier TDA1015T 


7297114 
ami 


Fig. 6 Total distortion as a function of output 
power; Vp =9 V; Ry = 162; f = 1 kHz. 
measured in Fig. 3 

mii 1 0000lUcS measured with a 1,5 MQ resistor 

: connected between pins 7 and 2. 


SSeS 


0,01 0,1 


input 72971161 


Fig. 7 Application circuit for power stage only and battery 
power supply; Gyq = 29 dB; |Zj1| = 20 kQ. 


a 0,1 uF a 7 7Z97\17.1 


Fig. 8 Application circuit for preamplifier and power amplifier 
stages and battery power supply; Gy tot = 52 dB; |Zj2| = 200 kQ. 
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TDA1016 


RECORDING/PLAYBACK AND 2 W AUDIO POWER AMPLIFIER 


GENERAL DESCRIPTION 


The TDA1016 is a monolithic integrated audio power amplifier, preamplifier and A.L.C. circuit designed 
for applications in radio-recorders and recorders. The wide supply voltage range makes this circuit very 
suitable for d.c. and a.c. apparatus. The circuit incorporates the following features: 


Features 


© Power amplifier/monitor amplifier 
Preamplifier/record and playback amplifier 
Automatic Level Control (A.L.C.) circuit 

Voltage stabilizer 

Short-circuit (up to 12 V a.c.) and thermal protection. 


QUICK REFERENCE DATA 


Supply voltage range Vp 3,6 to 15 V 
Supply current; total quiescent at Vp = 6 V ltot typ. 10 mA 
Operating ambient temperature range Tamb —25 to 150 °C 


Power amplifier 
Output power at dtot = 10% 


Vp=6V; RL =42 Po typ. 1W 
Vp=9V;RL=42 Po typ. 2W 
Closed loop gain G. typ. 36 dB 
Preamplifier 
Open loop gain Go min. 70 dB 
Minimum closed loop voltage gain Ge min min. 35 dB 
Output voltage at dtot = 1% Vo min. 1Vv 


Automatic Level Control (A.L.C.) 
Gain variation for AV; = 40 dB AGy typ. 2 dB 


Stabilized supply voltage 
Output voltage V5-16 ‘typ. 2,6 V 


PACKAGE OUTLINE 
16-lead DIL; plastic, with internal heat spreader (SOT38). 
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TDA1016 


2,20F 22x09 | isos 560 pF 
22 uF 
Rs wr + — 100kS 100nF 
Vi oe (} ae 
WnF 100k an22 BF ‘ 
ALC. all é 
POWER 
¥ AMP. 220pF 
TDA1016 
ELECTRONIC 
FILTER 


72802542 


Fig. 1 Block diagram with external components; also used as test circuit. 
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Recording/playback and 2 W audio power amplifier TDA1016 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 3) Vp max. 18 V 
Repetitive peak output current ORM max. 1A 
Non-repetitive peak output current (pin 1) !OSM max. 2A 
Total power dissipation see derating curve Fig. 2 
A.C. short-circuit duration of load during 

sinewave drive; Vp = 12 V tse max. 100 hours 
Crystal temperature Te max. 150 °C 
Storage temperature range Tstg —55 to+ 150 °C 
Operating ambient temperature range Tamb —25 to + 150 °C 


THERMAL RESISTANCE 
The power derating curve (Fig. 2) is based on the following data 
55 K/W 


From junction to ambient Rthj-a 


72807236 


0 
=50 0 50 100 150 
Tomb (*C) 


Fig. 2 Power derating curve. 
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TDA1016 | | 


CHARACTERISTICS 
Vp=6V; RL =4 2; f= 1 kHz; Tamp = 25 OC; measured in test circuit Fig. 1; unless otherwise specified 


Supply (pin 3) 

Supply voltage 

Supply current; total quiescent 
at Vp=6V 

Power amplifier 

Output power at dtot = 10%* 
Vp=6V 
Vp=9V 

Closed loop voltage gain 

Total harmonic distortion at P, = 0,5 W 

Input impedance 


Ripple rejection at f = 100 Hz (Rg =0 2) 


Noise output voltage (r.m.s. value) 
Rs = 0 2; B = 60 Hz to 15 kHz 


Noise output voltage at 500 kHz 

Rs =02;B=5 kHz 
Preamplifier 
Open loop voltage gain at f = 10 kHz 
Closed loop voltage gain 


Minimum closed loop voltage gain 
(when changing R¢) 


Output voltage at drot = 1% 


Output voltage with A.L.C. 
Vi = 2mV 


Total harmonic distortion with A.L.C. 
Vi = 2mvV 


Vj = 360 mV 


Signal-to-noise ratio related to V; = 1,2 mV; 
Rs = 1kQ; B = 60 Hz to 15 kHz 


Input impedance 


Ripple rejection 
at f = 100 Hz; Rg =02 


Output impedance ** 


* Measured with an ideal coupling capacitor connected to the speaker load. 


** Ip (effective value) must not exceed 1 mA. 
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Recording/playback and 2 W audio power amplifier TDA1016 


Automatic Level Control (A.L.C.) (see Fig. 3)** 
Gain variation for AV; = 45 dB 
Limiting time” 


Level setting time* 
Recovery time” 4 


Voltage stabilizer 

Output voltage 

Load current 

Ripple rejection at f = 100 Hz 


Vo = 368 max. 


10? 
12 yj (mv) 


B-|-----= 


AV; 24068 


O85 148 


time 


72802551 


dl) 


Fig. 3 Typical A.L.C. curve with Rg = 10 k&2. 


* At AV; = 40 GB with respect to Vj = 1,2 mV. 

** The A.L.C. tracking in stereo has a typical spread of 1 dB if pins 6 of both ICs are connected to 
the same RC network. 

4 Without a shunt resistor across A.L.C. 
With 1 MQ or 2,2 MQ across A.L.C. recovery time becomes 22 or 50 seconds. 
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TDA1020 


12 W CAR RADIO POWER AMPLIFIER 


The TDA1020 is a monolithic integrated 12 W audio amplifier in a 9-lead single in-line (SIL) plastic 
package. The device is primarily developed as a car radio amplifier. At a supply voltage of Vp=14,4V, 
an output power of 7 W can be delivered into a 4 2 load and 12 W into 2 Q. 

To avoid interferences and car ignition signals coming from the supply lines into the IC, frequency 
limiting is used beyond the audio spectrum in the preamplifier and the power amplifier. 

The maximum supply voltage of 18 V makes the IC also suitable for mains-fed radio receivers, tape 
recorders or record players. However, if the supply voltage is increased above 18 V (< 45 V), the 
device will not be damaged (load dump protected). Also a short-circuiting of the output to ground 
(a.c.) will not destroy the device. Thermal protection is built-in. As a special feature, the circuit has a 
low stand-by current possibility. 


The TDA1020 is pin-to-pin compatible with the TDA1010. 


QUICK REFERENCE DATA 


Supply voltage range Vp 6 to 18 V 
Repetitive peak output current lonm < 4A 
Output power at dtot = 10% (with bootstrap) 
=14,4V;R, -22 P a Be 

Vp = 14,4 V; RL = ° typ 12 W 

Vp=14,4V;R, =4Q Po typ. 7W 

Vp=14,4V;R_=82 Py typ. 3,5 W 
Output power at dtot = 10% (without bootstrap) 

Vp=14,4V; RL =4Q2 Po > 4,5 W 
Input impedance 

preamplifier (pin 8) {Z| typ. 40 kQ 

power amplifier (pin 6) |Z; | typ. 40 kQ 
Total quiescent current at Vp = 14,4 V ltot typ. 30 mA 
Stand-by current Isb < 1 mA 
Storage temperature range Tstg —55 to + 150 °C 
Crystal temperature Te max. 150 °C 


PACKAGE OUTLINE 
9-lead SIL; plastic (SOT110B). 
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TDA1020 
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10 W car radio power amplifier 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


Supply voltage; operating (pin 3) 
Supply voltage; non-operating 
Supply voltage; load dump 
Non-repetitive peak output current 
Total power dissipation 

Storage temperature range 

Crystal temperature 


Short-circuit duration of load behind output electrolytic capacitor 
at 1 KHz sine-wave overdrive (10 dB); Vp = 14,4 V 


Vp 
Vp 
Vp 
losm 


max. 


TDA1020 


18 V 
28 V 
45 V 
6A 


see derating curves Fig. 2 
—55 to+ 150 °C 


Tstg 

Te max. 

Isc max. 
7284548.1 


Fig. 2 Power derating curves. 


HEATSINK DESIGN EXAMPLE 


150 °C 


100 hours 


The derating of 8 K/W of the encapsulation requires the following external heatsink (for sine-wave 


drive): 

10 W in2 Qat Vp= 14,4 V 

maximum sine-wave dissipation: 5,2 W 
Tamb = 60 °C maximum 


Rthj-a = Rthj-tab + Rth tab-h + Rthha= E> = 17,3 K/W 
Since Rthj-tab + Rth tab-h = 8 K/W, Rthh-a= 173-89 KW. 


| November 1982 


873 


TDA1020 


D.C. CHARACTERISTICS 


Supply voltage range (pin 3) Vp 6 to 18 V 
Repetitive peak output current loRM << 4A 
Total quiescent current 
at Vp = 14,4 V lint typ. 30 mA 
at Vp= 18 V ltot typ. 40 mA 


A.C. CHARACTERISTICS 
Tamb = 25 °C; Vp = 14,4 V; RL = 4.9; f = 1 kHz; unless otherwise specified; see also Fig. 3 
Output power at dtot = 10%; with bootstrap (note 1) 


a ; a > 10 W 
Vp=14,4V;RL=2Q2 Po ‘yp! 12 W 
he > 6W 
Vp=14,4V;RL=42 Po typ. 7W 
Vp=14,4V; RL =82 Po typ. 3,5 W 
Output power at dtoz = 1%; with bootstrap (note 1) 

Vp=14,4V;RL=22 Po typ. 95 W 

Vp=14,4V; RL =42 Po typ. 6 W 

Vp=14,4V; RL =82 Po typ. 3 W 
Output voltage (r.m.s. value) 

Ri = 1kQ; dtot = 0,5% Vo(rms) tyP- Su 
Output power at dio = 10%; without bootstrap Po > 4,5 W 
Voltage gain 

ae 5 TT. 
preamplifier (note 2) Gy1 ~ 7 to 18.7 = 
ae typ. 29,5 dB 
power amplifier Gy2 SS 5 to 305 dB 
typ. 47 dB 


total amplifier Gy tot 46.2 to 48.2 dB 


Input impedance 


eae typ. 40 kQ 
preamplifier Zi | * 28 to 52 kQ 
power amplifier |Z | a 28 to : a 
Output impedance 
is typ. 2,0 k2 
preamplifier |Zo| NB 14to26 kQ 
power amplifier |Zo| typ. 50 mQ 
Output voltage (r.m.s. value) at diot = 1% > tv 
preamplifier (note 2) Voirms) typ 15 V 
Frequency response B 50 Hz to 25 kHz 
Noise output voltage (r.m.s. value; note 3) typ 0,3 mV 
Rg = 02 Va(rms) < 0,5 mV 
: typ. 0,5 mV 
Rs = 8,2 kQ Vn(rms) < 1,0 mV 
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10 W car radio power amplifier TDA1020 


Ripple rejection (note 4) 


at f= 100 Hz; C2 = 1 uF RR typ. 44 dB 
> 48 dB 
at f= 1 kHz to 10 kHz RR 
2 typ. 54 dB 
Bootstrap current at onset of clipping (pin 4) 

RL =4Qand22 14 typ. 40 mA 
Stand-by current (note 5) Iob < 1 mA 
Crystal temperature for —3 dB gain Te > 150 °C 
Notes 
1, Measured with an ideal coupling capacitor to the speaker load. 

2. Measured with a load resistor of 40 kQ. 
3. Measured according to IEC curve-A. 
4. Maximum ripple amplitude is 2 V; input is short-circuited. 
5. Total current when disconnecting pin 5 or short-circuited to ground (pin 9). 
6. The tab must be electrically floating or connected to the substrate (pin 9). 
4 7, 
7, 
62 il cS al ripple voltage 
stand-by 
1GOnF R1_330k2 Ruiich 100nF meter 


7284546 


(1) With Ry = 2 Q, preferred value of C8 = 2200 pF. 


Fig. 3 Test circuit. 
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TDA1029 


SIGNAL-SOURCES SWITCH 


The TDA1029 is a dual operational amplifier (connected as an impedance converter) each amplifier 
having 4 mutually switchable inputs which are protected by clamping diodes. The input currents are 
independent of switch position and the outputs are short-circuit protected. 


The device is intended as an electronic two-channel signal-source switch in a.f. amplifiers. 


QUICK REFERENCE DATA 


Supply voltage range (pin 14) Vp 6 to 23 V 
Operating ambient temperature Tamb —30 to +80 °C 
Supply voltage (pin 14) Vp typ. 20 V 
Current consumption 114 typ. 3,5 mA 
Maximum input signal handling (r.m.s. value) Vi(rms) tYP- 6V 
Voltage gain Gy typ. 1 
Total harmonic distortion dtot typ. 0,01 % 
Crosstalk a typ. 70 dB 
Signal-to-noise ratio S/N typ. 120 dB 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT38). 
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TDA1029 


signal sources 
Rg =47k& (8x) 
Rojas = 470 k2 (8x) 


Cj =0,1 uF (8x) 


SWITCH I 


CIRCUIT 
SUPPLY 
VOLTAGE 


BIAS 
VOLTAGE 


SWITCH 
CONTROL 


signal signal 
output output 
pig 


C, = 100pF 
‘7 ii 


Ry =4,7k2 C= 100pF 


7276181.) 


Fig. 1 Block diagram. 
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Signal-sources switch TDA1029 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 14) Vp max. 23 V 
Input voltage (pins 1 to 8) Vv; max. Vp 

-V\ max. 05 V 
Switch control voltage (pins 11, 12 and 13) Vs Oto 23 V 
Input current £1 max. 20 mA 
Switch control current —Is max. 50 mA. 
Total power dissipation Prot max. 800 mW 
Storage temperature Tstg —55 to + 150 °C 
Operating ambient temperature Tamb —30 to +80 °C 


CHARACTERISTICS 
Vp = 20 V; Tamb = 25 °C; unless otherwise specified 


Current consumption 35 mA 
without load; Ig = 145 =0 144 typ. 2to5 mA 
Supply voltage range (pin 14) Vp 6 to 23 V 
Signal inputs 
Input offset voltage 
of switched-on inputs 
j typ. 2 mV 
Rg S$1kQ Vio < 10 mV 
Input offset current 
3 5 . typ. 20 nA 
of switcned-on inputs lio < 200 nA 
Input offset current 
of a switched-on input with respect to a 
S ‘ 4 typ. 20 nA 
non-switched-on input of a channel lio ee 200 nA 
Input bias current 
7 ‘ Je typ. 250 nA 
independent of switch position LF < 950 nA 
Capacitance between adjacent inputs c typ. 0,5 pF 
D.C. input voltage range Vv) 3to19 V 
Supply voltage rejection ratio; Rg < 10 kQ SVRR typ. 100 pV/V 
Equivalent input noise voltage 
Rg = 0; f = 20 Hz to 20 kHz (r.m.s. value) Va(rms)  tYP- 3,5 uV 
Equivalent input noise current 
f = 20 Hz to 20 kHz (r.m.s. value) In(rms) typ. 0,05 nA 
Crosstalk between a switched-on input 
and a non-switched-on input; 
measured at the output at Rg = 1 kQ; f= 1 kHz a typ. 100 dB 
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TDA1029 


CHARACTERISTICS (continued) 
Signal amplifier 
Voltage gain of a switched-on input 
at lg =145=0;RL == Gy typ. 1 
Current gain of a switched-on amplifier Gj typ. 10° 


Signal outputs 


Output resistance (pins 9 and 15) Ro typ. 400 Q 
Output current capability at Vp = 6 to 23 V t lg; +115 typ. 5 mA 
Frequency limit of the output voltage 

Vi(p-p) = 1 V; Rg = 1kQ; Ry = 10 MQ; C, = 10 pF f typ. 1,3 MHz 
Slew rate (unity gain); AVg.46/At; AV15.16/At 

Ri = 10 MQ; Cy = 10 pF S typ. 2 V/us 
Bias voltage 

typ. Ath VS 

D.C. output voltage V10-16 10,2 to 11,8 V 
Output resistance R10-16 typ. 8,2 kQ 


Switch control 


switched-on | interconnected | control voltages 

. . ee =|" LSiitees anil 

eee ea | Vait1e | V12-16 V 13-16 
1-1, WI 1-15, 5-9 a a en H 
1-2, 11-2 | 2-15,6.9 Le ig H rs 
1-3, 1-3 | 315,79 H L H 
1-4, 1-4 4-15, 8-9 L H H 
1-4, 11-4 4-15, 8-9 | L L H 
1-4, 11-4 4-15, 8-9 L H L 
1-4, 11-4 4-15, 8-9 L L L 
1-3, 11-3 3-15, 7-9 hb A | L pe L 


In the case of offset control, an internal blocking circuit of the switch control ensures that not more 
than one input will be switched on at a time. In that case safe switching-through is obtained at 
Vs_L <1,5V. 


Control inputs (pins 11, 12 and 13) 


Required voltage 
HIGH 


VsH > 333.53 
LOW VSL < 2,1 V 
Input current 
HIGH (leakage current) ISH < 1 pA 
LOW (control current) -Isi < 250 pA 


* 


V 10-16 is typically 0,5:V44.16 + 1,5°VBe. 
** Or control inputs open (R71/12,13-16 > 33 MQ). 
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Signal-sources switch TDA1029 


APPLICATION INFORMATION 


Vp = 20 V; Tamb = 25 °C; measured in Fig. 1; Rg = 47 kQ; C; = 0,1 uF; Rigg = 470 kQ; Ry = 4,7 kQ; 
C,_ = 100 pF (unless otherwise specified) 


Voltage gain Gy typ. —1,5 dB 
Output voltage variation when switching 4 
the inputs AV9.16; | typ. 10 mV 


AV 15-16 | < 100 mV 
Total harmonic distortion 


over most of signal range (see Fig. 4) dtot typ. 0,01 % 

Vj=5V;f=1kHz dtot typ. 0,02 % 

Vj =5 V; f = 20 Hz to 20 kHz dtot typ. 0,03 % 
Output signal handling 

dtot = 0,1%; f = 1 kHz (r.m.s. value) Vo(rms) a" Eo M 
Noise output voltage (unweighted) 

f = 20 Hz to 20 kHz (r.m.s. value) Vairms) typ. 5 uv 
Noise output voltage (weighted) 

f = 20 Hz to 20 kHz (in accordance with DIN 45405) Vn typ. 12 wV 
Amplitude response AV9.16: | 

Vj =5 V; f = 20 Hz to 20 kHz; Cj = 0,22 uF Wiad < 0,1 dB* 

16 J 


Crosstalk between a switched-on input 
and a non-switched-on input; 
measured at the output at f = 1 kHz a typ. 75°.dB:** 


Crosstalk between switched-on inputs 
and the outputs of the other channels a typ. 90 dB ** 


The lower cut-off frequency depends on values of Rpjas and Cj. 
** Depends on external circuitry and Rs. The value will be fixed mostly by capacitive crosstalk of the 
external components. 
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Fig. 4 Total harmonic distortion as a function of r.m.s. output voltage. 
—— f=1kHz;—-—.- f=20kHz. 
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Fig. 5 Output voltage as a function of supply voltage. 
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Fig. 6 Noise output voltage as a function of input resistance; Gy = 1; f = 20 Hz to 20 kHz. 
—— Vp (output); — — — Vp (Rs). 
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APPLICATION NOTES 
Input protection circuit and indication 


Vp 
TDA1029 


7% 7275943.1 
Fig. 7 Circuit diagram showing input protection and indication. 


Unused signal inputs 


Any unused inputs must be connected to a d.c. (bias) voltage, which is within the d.c. input voltage 
range; e.g. unused inputs can be connected directly to pin 10. 


Circuits with standby operation 


The control inputs (pins 11, 12 and 13) are high-ohmic at Vgy < 20 V (Isp <1 yA), as well as, when 
the supply voltage (pin 14) is switched off. 
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+20Vd.c. 
0.22uF pe 
- (8x) pin connected to OV 

RADIO 0,22zF or LOW level 
input L none = radio 
q 13 = pick-up 

12 = tape} 

input R 11 = tape 2 

TAPE 1 


TOA1029 OUTPUT 


a 
PREAMPLIFIER 
(with RIAA equalization) 


Fig. 8 TDA1029 connected as a four input stereo source selector. 
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+20V d.c. 
0,22 uF 
L (ex ator 12 
_ , 
pin connected to OV 
RADIO 0,22uF po or LOW level: 
input L ba none = radio 
" 13 = pick-up 
=e 
12= tape! 
iatcr Siexatl 11 = tape2 
TAPE} 
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— | 8 | 
t 3 1041029 
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820 820 tape 2 
aa aps Ae == 
if. .\3 en Saal 
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PICK-UP taal 
= 
Gssada 


4 F 
PREAMPLIFIER Pe aD 
(with RIAA equalization) 


OV or LOW = AUX. on 


(8x) 
(8x) 470k mal] 
0,22 uF = 
AUX. [ar - 4. yF 
(4x) (4x) S it 22kN ‘ 
5,6k2 39pF (___) gal fa) O 
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: 2 7 f=] . Ae 
; 3 a 4,7 uF 22k 
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MONITOR Bs Cee Q S % 
— bag L 
‘ o3 +S Gem : 
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2 (=) 
cH : 
=) e) 
ae = 
TZBA0AZ IA 
Fig. 9 TDA1029 and TDA1028 connected as a 8 16 
five input stereo source selector with monitor- wad 
ing facilities. OV or LOW = monitor on 
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imput 
(Rg =4002) lal 
68nF output 
27k2 
TDA1029 
Aas 0,33uF 0.15 uF 
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(Rg =40022) rignt 
i output 
Vv 
P 
if (+20V) 
——— = 16 
et 
BIAS SWITCH 
VOLTAGE CONTROL 
13 
off on 
mute ‘ Z 
rumble subsonic 
7284185 


filter filter 
Fig. 10 TDA1029 connected as a third-order active high-pass filter with Butterworth response and 


component values chosen according to the method proposed by Fjallbrant. It is a four-function 
circuit which can select mute, rumble filter, subsonic filter and linear response. 


V13-16 
H 
L 
x 
x 


Switch control 


linear 
subsonic filter ‘on’ 
rumble filter ‘on’ 

mute ‘on’ 


Fs we eS 
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Fig. 11 Frequency response curves for the circuit of Fig. 10. 
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TDA1059B 


MOTOR SPEED REGULATOR WITH THERMAL SHUT-DOWN 


The TDA10598B is a monolithic integrated circuit with a current limiter and with good thermal 
characteristics in a TO-126 plastic package for easy mounting. It is intended to regulate the speed 
of d.c. motors in record players, cassette recorders and car cassette recorders. 


QUICK REFERENCE DATA 


Supply voltage Vp=V2.1 {yp 3,3 to Pe : 
Internal reference voltage Vref typ. 13 V 
Drop-out voltage V3.4 typ. 18 V 
Limited output current 13}im typ. 06 A 
Multiplication coefficient k typ. 9 

PACKAGE OUTLINE Dimensions in mm 


Fig. 1 TO-126 (SOT-32). 
Pin 1 connected to metal part of mounting surface. 


+ 7,8 max a | 


| 
| 


TISIIICIA 


(1) Within this region the cross-section of the leads is uncontrolled. 
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CRYSTAL 
TEMPERATURE 
LIMITER 


REFERENCE 
VOLTAGE 


CURRENT 
LIMITER 


z 72747901 
Fig. 2 Functional diagram. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Vp=V2-4 max. 16 V 

Storage temperature Tstg —55 to+ 150 °C 

Operating ambient temperature (see Fig. 3 and note) Tamb —25 to+ 130 °C 

THERMAL RESISTANCE 

From junction to case Rth j-c = 10 K/W 

From junction to ambient Rthj-a = 100 K/W 


fae 
BEES SRBOURREESoe 
0 REE Hee eee 


Fig. 3 Power derating curve. 
Note 


At ambient temperatures above 130 °C, the crystal temperature limiter decreases the internal power 
consumption. 
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Motor speed regulator 


CHARACTERISTICS 


TDA1059B 


Vp =9V; Tamb = 25 °C; R20 = 0; heatsink with Rep = 100 K/W and after thermal stabilization: 
unless otherwise specified; see test circuit Fig. 4. 


Supply voltage 


Internal reference voltage 
Vp =3,3 V; 13 = 80 mA 


Drop-out voltage 
13 = 80 MA; AV reg = 5% 


Quiescent current; 13 = 0 
Limited output current* 
Multiplication coefficient 
13 =50mA+10mA 
Line regulation 
Vp = 3,3 to 16 V at lz =50mA 
reference voltage variation 


multiplication coefficient variation 
13=50+10mA 


input current variation; 13 = 50 mA 


Load regulation 
reference voltage variation 
13 = 20 to 80 mA 


multiplication coefficient variation 
13 = 30+ 10 to 70+ 10 mA 


Temperature coefficient 
13 = 50 mA; Tamb = —15 to + 65 OC 


reference voltage variation 


multiplication coefficient variation 
Al3 =+10mA 


input current variation 


VipieV2-4 


Vref 


AVref /Al3 
Vref 


Ak 
SS Al 
; Als 


—0,115 0 
= 0,86 
—15 0 

0 19 
—0,075 0 
—0,03 0 
- 0,008 

—2 0 


+0,115 %/V 


- VV 


+20 pA/V 


38,5 %/A 


+0,075 %/mA 


+0,03 %/K 


— %/K 


+2 yA/K 


* If the motor is stopped by a mechanical brake, the current limitation is effective in the supply voltage 
range. If the motor is short-circuited, the TDA1059B will be damaged if the supply voltage is higher 


than 10 V due to parasitic oscillations. 
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Note 


For start operation: V;e¢ must start with final 
Vp =6,7 V and a time constant of 37 = 100 ms 
in which 7 = R.C; R = source impedance, 

C= by-pass capacitor. 


7274791.1 


Fig. 4 Test circuit. 


APPLICATION INFORMATION ve 


TOA1059B 


(1) Inclusion of D(BA220) is arbitrary; it permits 
compensation of variation of the motor resistance 


7274792.1 as function of temperature. 


(2) Motor example (without diode D): 
Catalogue no. 9904 120 01806; n = 2000 rev/min; R20 = 180 2 (+ 2%); R32 = 100 Q + 100 & (variable). 
Fig. 5 Example of using the TDA1059B in a d.c. motor speed regulation circuit. 
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Motor speed regulator TDA1059B 


Motor equations 


Em = a4n where: a1, @ = motor constant 

= aor n = number of revolutions 

r = motor torque 

Erm = back electromotive force 
Rm = motor resistance 


The back electromotive force (E,,) in Fig. 5 can be expressed (excluding diode D) as: 


Vm = Emt mim 


Em= (82° — im ) m+ Veer | 1+ 222 (142) be rao, 


and including diode D, as: 


m= (52° — Rim ) tm +(Vret + Vo ) {1+ 820 (142 ) |+R20.1g 


Speed regulation is constant when Ep, is independent of |,, variations; this will be obtained when 
R20 = kRp- 


En, and therefore the motor speed, is regulated by R32. A practical condition for stability is 
R20 < kRp- 
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TDA1072A 


AM RECEIVER CIRCUIT 


GENERAL DESCRIPTION 


The TDA1072A integrated AM receiver circuit performs the active and part of the filtering functions 

of an AM radio receiver. It is intended for use in mains-fed home receivers and car radios. The circuit 
can be used for oscillator frequencies up to 50 MHz and can handle r.f. signals up to 500 mV. R.F. 
radiation and sensitivity to interference are minimized by an almost symmetrical design. The voltage- 
controlled oscillator provides signals with extremely low distortion and high spectral purity over the whole 
frequency range even when tuning with variable capacitance diodes. If required, band switching diodes 
can easily be applied. Selectivity is obtained using a block filter before the i.f. amplifier. 


Features 


@ |nputs protected against damage by static discharge 

@ Gain-controlled r.f. stage 

@ Double balanced mixer 

© Separately buffered, voltage-controlled and temperature-compensated oscillator, designed for 
simple coils 

Gain-controlled i.f. stage with wide a.g.c. range 

Full-wave, balanced envelope detector 

Internal generation of a.g.c. voltage with possibility of second-order filtering 
Buffered field strength indicator driver with short-circuit protection 

A.F. preamplifier with possibilities for simple a.f. filtering 

Electronic standby switch 


QUICK REFERENCE DATA 


Supply voltage range Vp 7,5 to 18 V 
Supply current range Ip 15 to 30 mA 
R.F, input voltage for S + N/N = 6 dB at m = 30% Vj typ. 1,5 uV 
R.F. input voltage for 3% total harmonic 

distortion (THD) at m = 80% Vj typ. 500 mV 
A.F. output voltage with Vj = 2 mV; 

f, = 1 MHz; m = 30% and fry = 400 Hz Vo(af) typ. 310 mV 
A.G.C. range: change of Vj for 1 dB change of Voaf) typ. 86 dB 


Field strength indicator voltage at 
Vj = 500 mV; Ri (g) = 2,7 kQ VIND typ. 28 V 


PACKAGE OUTLINE 
16-lead DIL; plastic (SOT38). 
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Coes i 
12 t0 440 pF eetinal 


band switching 


INTERNAL 
CONTROLLED SUPPLY CONTROLLED INDICATOR 


R.F. STAGE VOLTAGES OSCILLATOR PRINEN 


DOUBLE GAIN - BALANCED AF AGC 
BALANCED CONTROLLED FULL- WAVE PRE - AMPLIFIER 
MIXER 1.F. AMPLIFIER DETECTOR AMPLIFIER 


Vp (ag.c.) 


7 i bead 


RL = IMQ 


SS 


7287714 
LF. Fl R 
+ Vp (pin 13) ! SE 


(1) Coil data: TOKO sample no. 7XNS-A7523DY; L1 : N1/N2 = 12/32; Qo = 65; Qp = 57. 
Filter data: Zp = 700 2 at R3.4=3kQ;Z; =4,8kQ. 


Fig. 1 Block diagram and test circuit (connections shown in broken lines are not part of the test 
circuit). 
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AM receiver circuit TDA1072A 


FUNCTIONAL DESCRIPTION 
Gain-controlled r.f. stage and mixer 


The differential amplifier in the r.f. stage employs an a.g.c. negative feedback network to provide a 
wide dynamic range. Very good cross-modulation behaviour is achieved by a.g.c, delays at the various 
signal stages. Large signals are handled with low distortion and the S/N ratio of small signals is improved. 
Low noise working is achieved in the differential amplifier by using transistors with low base resistance. 


A double balanced mixer provides the i.f. output signal to pin 1. 


Oscillator 


The differential amplifier oscillator is temperature compensated and is suitable for simple coil connect- 
ion. The oscillator is voltage-controlled and has little distortion or spurious radiation. It is specially 
suitable for electronic tuning using variable capacitance diodes. Band switching diodes can easily be 
applied using the stabilized voltage V 14-16. An extra buffered oscillator output (pin 10) is available for 
driving a synthesizer, If this is not needed, resistor Ry (49) can be omitted. 


Gain-controlled i.f. amplifier 


This amplifier comprises two cascaded, variable-gain differential amplifier stages coupled by a band-pass 
filter. Both stages are gain-controlled by the a.g.c. negative feedback network. 


Detector 


The full-wave, balanced envelope detector has very low distortion over a wide dynamic range. Residual 
i.f. carrier is blocked from the signal path by an internal low-pass filter. 


A.F. preamplifier 


This stage preamplifies the audio frequency output signal. The amplifier output has an emitter follower 
with a series resistor which, together with an external capacitor, yields the required low-pass for a.f. 
filtering. 


A.G.C. amplifier 


The a.g.c. amplifier provides a control voltage which is proportional to the carrier amplitude. Second- 
order filtering of the a.g.c, voltage achieves signals with very little distortion, even at low audio 
frequencies. This method of filtering also gives fast a.g.c. settling time which is advantageous for 
electronic search tuning. The a.g.c. settling time can be further reduced by using capacitors of smaller 
value in the external filter (C16 and C17). The a.g.c. voltage is fed to the r.f. and i.f. stages via suitable 
a,g.c. delays. The capacitor at pin 7 can be omitted for low-cost applications. 


Field strength indicator output 


A buffered voltage source provides a high-level field strength output signal which has good linearity 
for logarithmic input signals over the whole dynamic range. If the field strength information is not 
needed, Rig) can be omitted. 


Standby switch 


This switch is primarily intended for AM/FM band switching. During standby mode the oscillator, 
mixer and a.f. preamplifier are switched off. 


Short-circuit protection 
All pins have short-circuit protection to ground. 


May 1984 899 


TDA1072A 


900 


RATINGS 

Limiting values in accordance with the Absolute Maximum Rating System (IEC 134) 

Supply voltage Vp = V13-16 max. 20 V 

Total power dissipation Prot max. 875 mW 

Input voltage 1V 14-15! max. 12 V 
—V14-16 —-V15-16 max. 0,6 V 
V14-16, V15-16 max. Vp V 

Input current Ilq4l, Its! max. 200 mA 

Operating ambient temperature range Tamb —40 to +80 °C 

Storage temperature range Tstg —55 to + 150 °C 

Junction temperature Tj max. +125 °C 

THERMAL RESISTANCE 

From junction to ambient Rth j-a = 80 K/W 


DEVICE CHARACTERISTICS 


Vp = V13-16 = 8,5 Vi Tamb = 25 OC; fj = 1 MHz; fp, = 400 Hz; m = 30%; fj¢ = 460 kHz; measured in 
test circuit of Fig. 1; unless otherwise specified 


Parameter symbol 

Supplies 

Supply voltage Vp =V13-16 Vv 

Supply current Ip=113 mA 

R.F. stage and mixer 

Input voltage (d.c. value) V14-16 V15-16 Vv 

R.F. input impedance at Vj < 300 nV R14-16, 215-16 kQ 
C 14.16, C15-16 PF 

R.F. input impedance at Vj > 10 mV R14.16, 215-16 


C14-16, C15-16 
R1-16 
C1-16 


1.F. output impedance 


Conversion transconductance 
before start of a.g.c. 

Maximum i.f. output voltage, inductive 
coupling to pin 1 


14/Vj 


V1-13(p-p) 
D.C. value of output current (pin 1) 
at Vj =OV 


A.G.C. range of input stage 


R.F. signal handling capability: 
input voltage for THD = 3% at m = 80% 
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parameter 


Oscillator 


Frequency range 

Oscillator amplitude (pins 11 to 12) 
External load impedance 

External load impedance for no oscillation 


V11-12 
R12-11 (ext) 
R12-11(ext) 
Ripple rejection at Vp(rms) = 100 mV; 
fp = 100 Hz 
(RR = 20 log[V43-16/V11-16!) 


Source voltage for switching diodes (6 x Vege) 


RR 
V11-16 
D.C. output current (for switching diodes) —l44 


Change of output voltage at 


Aly1 = 20 mA (switch to maximum load) AV41-16 


Buffered oscillator output 
D.C. output voltage V10-16 
V10-16(p-p) 
R10 


—|10(peak) 


Output signal amplitude 
| Output impedance 
Output current 


I.F., a.g.c. and a.f, stages 
V3-16, V4-16 


R3-4 
C3.4 


D.C. input voltage 
\.F. input impedance 


I.F, input voltage for 
THD = 3% at m = 80% 

Voltage gain before start of a.g.c. 
A.G.C. range of i.f. stages: change of 
V3.4 for 1 dB change of Vo(af); 

V3-4(ref) = 75 mV 


V3.4 
V3-4/V6-16 


AV3.4 
Volaf) 


Volaf) 
IZol 


A.F, output voltage at V3.4(j¢) = 50 nV 
A.F. output voltage at V3.4(jf) = 1 mV 


A.F. output impedance (pin 6) 


Indicator driver 


Output voltage at Vj = 0 mV; 
Rig) = 2,7 kQ 


Output voltage at Vj = 500 mV; 
Rig) = 2,7 k2 


Load resistance 
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DEVICE CHARACTERISTICS (continued) 


Standby switch 


Switching threshold at Vp = 7,5 to 18 V; 
Tamb = —40 to + 80 °C 


on-voltage 
off-voltage 


on-current at V9.46=0V 
off-current at V2.46 = 20 V 


OPERATING CHARACTERISTICS 


Vp = 8,5 V; fj = 1 MHz; m = 30%; fp, = 400 Hz; Tamb = 25 OC; measured in Fig. 1; unless otherwise 
specified 


Parameter symbol 


R.F. sensitivity 


R.F. input required for S + N/N =6 dB Vi - 1,5 — pV 
R.F. input required for S + N/N = 26 dB Vi - 15 — pV 
R.F. input required for S + N/N = 46 dB Vj - 150 - pV 
R.F. input at start of a.g.c. Vi _ 30 - pV 


R.F. large signal handling 


R.F. input at THD = 3%; m = 80% Vj - 500 | — mv | 
R.F. input at THD = 3%; m = 30% Vj = 700 ~ mV 
R.F. input at THD = 10%; m = 30% Vj - 900 | — mv | 


A.G.C. range 

Change of Vj for 1 dB change 
of Vo(af): Vi(ref) = 500 mV 

Change of Vj for 6 dB change 

of Vo(af); Vi(ref) = 500 mV 


Output signal 


A.F. output voltage at 


Vi =4 nV; m = 80% Vo(af) 
A.F. output voltage at Vj = 1 mV Volaf) 
THD at Vj = 1 mV; m = 80% dtot 
THD at Vj = 500 mV; m= 30% dtot 


Signal-to-noise ratio at Vj = 100 mV 


Ripple rejection at Vj = 2 mV; 
VP(rms) = 100 mV; fp = 100 Hz 
(RR = 20 log [Vp/Vo(at) }) 
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parameter symbol 


Unwanted signals 


Suppression of i.f. whistles at 
Vj = 15 nV; m = 0% related to 
a.f. signal of m = 30% 


at fj ~ 2 x fir 
at fj ~ 3 x fig 


\.F. suppression at r.f. input 
for symmetrical input 


for asymmetrical input 
Residual oscillator signal at mixer output 


at fose 
at 2 x fose 


APPLICATION INFORMATION 


100 nF 


27MHz ape (1) 33pF 


TDA1072A 


7287701 


(1) Capacitor values depend on crystal type. 
(2) Coil data: 9 windings of 0,1 mm dia laminated Cu wire on TOKO coil set 7K 199CN; Qo = 80. 


Fig. 2 Oscillator circuit using quartz crystal; centre frequency = 27 MHz. 
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APPLICATION INFORMATION (continued) 


7287702 7287703 


0 
() 20 40 60 80 100 120 t) 20 40 #60 80 100 120 
V; (dB pV) Vj (dB RV) 
Fig. 3 A.F. output as a function of r.f. input Fig. 4 Total harmonic distortion and (S + N)/N 
in the circuit of Fig. 1; fj = 1 MHz; fp, = 400 Hz; as functions of r.f. input in the circuit of 
m = 30%. Fig. 1; m = 30% for (S + N)/N curve and 


m = 80% for THD curve. 


10 20 100 200 1000 2000 fp, (Hz) 


Fig. 5 Total harmonic distortion as a function of modulation frequency at Vj = 5 mV; m = 80%; 
measured in the circuit of Fig. 1 with C7.46(ext) = 0 uF and 2,2 uF. 
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t) 20 40 60 80 100 120 0,1 
v, 1305) 1 f pq (kH2) 10 
Fig. 6 Indicator driver voltage as a function Fig. 7 Typical frequency response curves from 
of r.f. input in the circuit of Fig. 1. Fig. 1 showing the effect of filtering as follows: 
with i.f. filter; 
Stet with a.f. filter; 
----- — withi.f. and a.f. filters. 
Roen Veg | 56Q 15PF Vig 10 nF 
502 | 
7 502 60pF ‘ Z 
| i | 100 pF 
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Fig. 9 A.F. output as a function of_r.f. input using the circuit of Fig. 8 with that of Fig. 1. 


{ May 1984 905 


906 


TDA1072A 


APPLICATION INFORMATION (continued) 


Vertu ‘aeu 
(dBuV) & (dB yV) 
120 106 


t) 70 
Ve fw (dB HV) 

Fig. 10 Suppression of cross-modulation as a function of input signal, measured in the circuit of Fig. 8 
with the input circuit as shown in Fig. 11. Curve is for Wanted Vo(af)/Unwanted Voiaf) = 20 dB; 
Vitw, Vrfu are signals at the aerial input, V’zew, V’gey are signals at the unloaded output of the aerial. 
Wanted signal (V'’sew, Vrfw): fj = 1 MHz; fp, = 400 Hz; m = 30%. 
Unwanted signal (V’3ey, Vrfy): fj = 900 KHz; fp, = 400 Hz; m = 30%. 
Effective selectivity of input tuned circuit = 21 dB. 


eS 


POWER 
SPLITTER 


aa AL Viaeu to radio 


(Fig. 8) ; input circuit 


Fig. 11 Input circuit to show 
J ' cross-modulation suppression 
Se (see Fig. 10). 
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Fig. 12 Oscillator amplitude as a 
function of pin 11, 12 impedance 
in the circuit of Fig. 8. 
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AM receiving circuit TDA1072A 
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Fig. 13 Total harmonic distortion and (S +N)/N as functions of r.f. input using the circuit of Fig. 8 
with that of Fig. 1. 
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Fig. 14 Forward transfer impedance as a function of intermediate frequency for filters 1 to 4 shown 
in Fig. 15; centre frequency = 455 kHz. 
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APPLICATION INFORMATION (continued) 


56 pF 


FILTER 1 


2,2k2 


3kQ 


56 pF 


56 pF 
FILTER 3 


1,2k2 


100 pF 100 pF 


FILTER 4 


2k2 


ue 7287715 


Fig. 15 1.F. filter variants applied to the circuit of Fig. 1. For filter data, refer to Table 1. 
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APPLICATION INFORMATION (continued) 
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Fig. 16 Printed-circuit board component side, showing component layout. For circuit diagram see Fig. 1. 


7287717 
Fig. 17 Printed-circuit board showing track side. 
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DEVELOPMENT DATA 


This data sheet contains advance information and TDA1072AT 


specifications are subject to change without notice. 


AM RECEIVER CIRCUIT 


GENERAL DESCRIPTION 


The TDA 1072AT integrated AM receiver circuit perforrns the active and part of the filtering functions of 
an AM radio receiver. It is intended for use in mains-fed home receivers and car radios. The circuit can 

be used for oscillator frequencies up to 50 MHz and can handle RF signals up to 500 mV. RF radiation 
and sensitivity to interference are minimized by an almost symmetrical design. The voltage-controlled 
oscillator provides signals with extremely low distortion and high spectral purity over the whole frequency 
range even when tuning with variable capacitance diodes. If required, band switching diodes can easily be 
applied. Selectivity is obtained using a block filter before the IF amplifier. 


Features 


e Inputs protected against damage by static discharge 

e@ Gain-controlled RF stage 

e Double balanced mixer 

e Separately buffered, voltage-controlled and temperature-compensated oscillator, designed for 
simple coils 

e@ Gain-controlled IF stage with wide AGC range 

eo Full-wave, balanced envelope detector 

@ Internal generation of AGC voltage with possibility of second-order filtering 

e Buffered field strength indicator driver with short-circuit protection 

oe AF preamplifier with possibilities for simple AF filtering 

e Electronic standby switch 


QUICK REFERENCE DATA 


i apes eee 
Vp 7.5 ~ Vv 


Supply voltage range 


Supply current range 


RF input voltage for 
S+N/N = 6 dB at m = 30% 
RF input voltage for 3% 


total harmonic distortion 
(THD) at m = 80% 
AF output voltage with 
Vi = 2 mV; f,= 1 MHz; 
m = 30% and f,, = 400 Hz 
AGC range: change of Vj 
for 1 dB change of Vo(AF) 


Field strength indicator 
voltage at V; = 500 mV; 
Rig) = 2.7 kQ 


PACKAGE OUTLINE 
16-lead mini-pack; plastic (S016; SOT 109A). 
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TDA1072AT 


12 to 440 pF 


cs 


c4 


GAIN - INTERNAL 


CONTROLLED 


CONTROLLED SUPPLY 
RF STAGE VOLTAGES 


Vp (AGC) 


OSCILLATOR 


DOUBLE GAIN - BALANCED AF. 


STANDBY 


BALANCED CONTROLLED FULL - WAVE PRE - 


SWITCH 


MIXER IF AMPLIFIER DETECTOR AMPLIFIER 


TDA1072AT 


IF FILTER 
+Vp (pin 13) 


0.1 pF, C6 optional 
le band switching 
diodes 


INDICATOR 
DRIVER 


AGC 
AMPLIFIER 


72877141 


(1) Coil data: TOKO sample no. 7XNS-A7523DY; L1: N1/N2 = 12/32; Qo = 65; Op = 57. 


Filter data: Zp = 700 2 at R3.4=3k2; 2, =4.8kQ. 


Fig.1 Block diagram and test circuit (connections shown in broken lines are not part of the test circuit). 
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AM receiver circuit TD A1072 AT 


FUNCTIONAL DESCRIPTION 
Gain-controlled RF stage and mixer 


The differential amplifier in the RF stage employs an AGC negative feedback network to provide a wide 
dynamic range. Very good cross-modulation behaviour is achieved by AGC delays at the various signal 
stages. Large signals are handled with low distortion and the S/N ratio of small signals is also improved, 
Low noise working is achieved in the differential amplifier by using transistors with a low base resistance. 


A double balanced mixer provides the IF output to pin 1. 


Oscillator 


The differential amplifier oscillator is temperature compensated and is suitable for simple coil connection. 
The oscillator is voltage-controlled and has little distortion or spurious radiation. !t is specially suitable for 
electronic tuning using variable capacitance diodes. Band switching diodes can easily be applied using the 
stabilized voltage V1 4.16. An extra buffered oscillator output is available for driving a synthesizer. If this 
is not needed, resistor Ri (1Q) can be omitted. 


Gain-controlled IF amplifier 

This amplifier comprises two cascaded, variable-gain differential amplifier stages coupled by a band-pass 
filter. Both stages are gain-controlled by the AGC negative feedback network. 

Detector 

The full-wave, balanced envelope detector has very low distortion over a wide dynamic range. The residual 
IF carrier is blocked from the signal path by an internal low-pass filter. 

AF preamplifier 


This stage preamplifies the audio frequency output. The amplifier output stage uses an emitter follower 
with a series resistor which, together with an external capacitor, provides the required low-pass filtering 
for AF signals. 


DEVELOPMENT DATA 


AGC amplifier 


The AGC amplifier provides a control voltage which is proportional to the carrier amplitude. Second-order 
filtering of the AGC voltage achieves signals with very little distortion, even at low audio frequencies, This 
method of filtering also gives a fast AGC settling time which is advantageous for electronic search tuning. 
The AGC settling time can be further reduced by using capacitors of smaller value in the external filter. 
The AGC voltage is fed to the RF and IF stages via suitable AGC delays. The capacitor at pin 7 can be 
omitted for low-cost applications. 


Field strength indicator output 


A buffered voltage source provides a high-level field strength output signal which has good linearity for 
logarithmic input signals over the whole dynamic range. If field strength information is not needed, 
Ri(g) can be omitted. 
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FUNCTIONAL DESCRIPTION (continued) 
Standby switch 


This switch is primarily intended for AM/FM band switching. During standby mode the oscillator, 
mixer and demodulator are switched off. 


Short-circuit protection 
All pins have short-circuit protection to ground. 


RATINGS 
Limiting values in accordance with the Absolute Maximum Rating System (IEC 134) 


aes Stes em ae ae 


Supply voltage Vp = V13-16 


Input voltage 

pins 14-15 

pins 14-16 

pins 15-16 

pins 14-16 

pins 15-16 
Input current 

(pins 14 and 15) 
Total power dissipation* 
Operating ambient temperature range 
Storage temperature range 


Junction temperature 


THERMAL RESISTANCE 


From junction to ambient Rthj-a 


* Mounted on epoxiprint 
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AM receiver circuit TD. A1072 AT 


CHARACTERISTICS 


Vp = V13.16 = 8-5 V; Tamb = 25 OC; fj = 1 MHZ; fry = 400 Hz; m = 30%; fy ¢ = 460 kHz; measured in 
test circuit of Fig.1; all measurements are with respect to ground (pin 16); unless otherwise specified 


Supplies 
Supply voltage (pin 13) 


Supply current (pin 13) 


RF stage and mixer 
Input voltage (DC value) 


RF input impedance at 
V; < 300 pV 


RF input impedance at 
Vv; > 10 mV 


IF output impedance 


Conversion transconductance 
before start of AGC 


Maximum IF output voltage, 
inductive coupling to pin 1, 
(peak-to-peak value) 


DC value of output current 
(pin 1) at V) =OV 


AGC range of input stage 


DEVELOPMENT DATA 


RF signal handling capability: 
input voltage for THD = 3% 
at m = 80% (RMS value) 


Vi(rms) 


Oscillator 


Frequency range Af 


Oscillator amplitude 
(pins 11 to 12) 
(peak-to-peak value) 


V11-12(p-p) 


External load impedance R11-12(ext) 


External load impedance for 
no oscillation 


R11-12(ext) 
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CHARACTERISTICS (continued) 


[avant [omit [in [vos [mae [ot 


Ripple rejection at Vp 
= 100 mV (RMS value); 
fp = 100 Hz 
(RR = 20 log [V13/V14]) 
Source voltage for switching 
diodes (6 x Vg_e) Vi ~ 4.2 - V 
DC output current (for 
switching diodes) Vp=V13 
<9V 114 0 = 5 mA 
Change of output voltage at 
Al 1 = 20 mA (switch to 
maximum load) AV 41 - 0.5 = Vv 
Buffered oscillator output | 
DC output voltage | Vio - 0.7 - Vv 
Output signal amplitude | | 
(peak-to-peak value) V10(p-p) - 320 - mV 
Output impedance R10 - 170 - 2 
Output current 110(peak) = = td mA 
IF, AGC and AF stages 
DC input voltage V3.4 - 2 = Vv 
IF input impedance R3.4 2.4 3.0 3.9 kQ | 
C3.4 - 7 - pF 
IF input voltage for 
THD = 3% at m = 80% V3.4 - 90 = mV 
Voltage gain before start 
of AGC V3.4/Vg — 68 _ dB 
AGC range of IF stages: 
change of V3.4 for 1 dB 
change of VQ(aF); 
V3-4(ref) = 75 mV 
AF output voltage at 


Va-AUIF) Soo EV 

AF output voltage at 
V3-4(IF) = 1 mV 

AF output impedance (pin 6) 
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CHARACTERISTICS 


Indicator driver 


Output voltage at 


Vv); =OmvV Ri(g) = 2.7 kQ 
Output voltage at 
V; = 500 mV RL (9) = 2.7 kQ 


Load resistance 


Standby switch 


Switching threshold at 
Vp=7.5to 18 V; 
Tamb = —40 to + 80 °C 


ON-voltage 
OF F-voltage 
ON-current 
OFF-current 


OPERATING CHARACTERISTICS 


Vp = 8.5 V; fj = 1 MHz; m = 30%; fp, = 400 HZ; Tamp = 25 OC; measured in Fig.1; unless otherwise 
specified 


parameter 


RF sensitivity 

RF input required for 
S+N/N = 6 dB 
S+N/N = 26 dB 
S+N/N = 46 dB 


RF input at start of AGC 


DEVELOPMENT DATA 


RF large signal handling 


RF input at 

THD = 3%; m = 80% 
THD = 3%; m = 30% 
THD = 10%; m = 30% 
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CHARACTERISTICS (continued) 


AGC range 
Change of Vy for 


1 dB change of Vo(AF) Vi(ref) = 500 mV} AV, 

6 dB change of Vo(aF) Vi(ref) = 500 mV | AV, = - 
Output signal 
AF output voltage at 

Vi =4nV m = 80% VO(AF) _ 130 - mV 

Vj =imVv VO(AF) 240 310 390 mV 
Total harmonic distortion at 

Vj;=1mV m = 80% Gtot - 0.5 = % 

V; = 500 mv m = 30% dtot _ 1 - % | 
Signal-to-noise ratio V; = 100 mV S+N/N - 58 - dB 
Ripple rejection at 

Vj =2mvV 

Vp= 100 mV (RMS value) 

p= 100 Hz 

(RR = 20 log [Vp/Vo(aFy]) RR = 38 - dB 


Unwanted signals | 
Suppression of IF whistles 
at Vj = 15 uV;m=0% | 
related to AF signal of 


m = 30% 
at f) 2x fir O2\F "¥ 
at f) > 3x fip O31F = 


IF suppression at RF input 
for symmetrical input 
for asymmetrical input 


\F = 
OF ‘ 


Residual oscillator signal 
at mixer output 
at fosc 

at 2 x fos 


\(osc) = 
'(2o0sc) = 
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APPLICATION INFORMATION 


100 nF 


27MHz 42 (1) 


(1) Capacitor values depend on crystal type. 


7Z87701.1 


(2) Coil data: 9 windings of 0.1 mm dia laminated Cu wire on TOKO coil set 7K 199CN; Q, = 80. 


7287702.1 


DEVELOPMENT DATA 


0 20 40 60 80 100 120 
Vi (RF) (984V) 


Fig.3 AF output as a function of RF 
input in the circuit of Fig.1; 
f} = 1 MHz; fp, = 400 Hz; m = 30%. 


Fig.2 Oscillator circuit using quartz crystal; centre frequency = 27 MHz. 


7287703.1 


St By 0 
Oo ee 40 60 80 100 =120 
Vi cre) (d8xV) 


Fig.4 Total harmonic distortion and 
S+N/N as functions of RF input in the 
circuit of Fig.1; m = 30% for (S+N)/N 
curve and m = 80% for THD curve. 
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APPLICATION INFORMATION (continued) 


72877041 


SeBetii meee 
BERER 


10 20 100 200 1000 2000 fp, (Hz) 


Fig.5 Total harmonic distortion as a function of modulation frequency at V; = 5 mV; m = 80%; measured 
in the circuit of Fig.1 with C7.46(ext) = OuF and 2.2 uF. 


72Z87705.1 


72877062 


60 80 100 120 
Vi(rF) (68xV) 


Fig.6 Indicator driver voltage as — with IF filter 
a function of RF input in the circuit —-—- with AF filter 
of Fig.1. 


oe with IF and AF filter 


Fig.7 Typical frequency response 
curves from Fig.1 showing the effects 
of filtering. 
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0.1 pF 


TDAI072AT 


72877071 


Fig.8 Car radio application with inductive tuning. 


7Z87708.1 


DEVELOPMENT DATA 


00 
Vi(RF) (e8.v) 


Fig.9 AF output as a function of RF input using the circuit of Fig.8 with that of Fig.1. 
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APPLICATION INFORMATION (continued) 


(dByVv 
40 Viaew (OBR) 7287709 


CPL CY a ese I : 
at ES Zinc 


t) 70 
Ve fy (BEV) 


Fig.10 Suppression of cross-modulation as a function of input signal, measured in the circuit of Fig.8 
with the input circuit as shown in Fig.11. Curve is for wanted Vo(ar)/unwanted Voi AF) = 20 dB; Vrfy, 
Vrfy are signals at the aerial input, V’aey, V‘aeu are signals at the unloaded output of the aerial. 


Wanted signal (V’gey, Vrfw): fj = 1 MHz; fry = 400 Hz; m = 30%. 
Unwanted signal (V‘gey, Vrfy): fj = 300 KHz; fp, = 400 Hz; m = 30%. 
Effective selectivity of input tuned circuit = 21 dB. 
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SPLITTER 
AE e 
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7287710 


Fig.11 Input circuit to show cross-modulation suppression (see Fig.10). 
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Fig.12 Oscillator amplitude as a function of the impedance at pins 11 and 12 in the circuit of Fig.8. 
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Fig.13 Total harmonic distortion and (S+N)/N as functions of RF input using the circuit of Fig.8 with 
that of Fig.1. 
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APPLICATION INFORMATION (continued) 
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Fig.14 Forward transfer impedance as a function of intermediate frequency for filters 1 to 4 shown in 
Fig.14; centre frequency = 455 kHz. 
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56 pF 


FILTER 1 


SFZ455A 


56 pF 


F 
SFZ455A 3ka 


56 pF 


FILTER 3 


1.2kQ 


SFZ455A 


DEVELOPMENT DATA 


FILTER 4 


2k2 


SFT455B 


c 7Z87715.1 
7 


3kQ 


Fig.15 IF filter variants applied to the circuit of Fig.1; for filter data refer to Table 1. 
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APPLICATION INFORMATION (continued) 
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maximum (optional 


Table 1 Data for IF filters shown in Fig.15. Criterium for adjustment is Zr 


selectivity curve at centre frequency fy = 455 kHz). 


See also Fig.14. 
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TDA1074A 


DUAL TANDEM ELECTRONIC POTENTIOMETER CIRCUIT 


GENERAL DESCRIPTION 


The TDA1074A is a monolithic integrated circuit designed for use as volume and tone control circuit 
in stereo amplifiers. This dual tandem potentiometer IC consists of two ganged pairs of electronic 
potentiometers with the eight inputs connected via impedance converters, and the four outputs driving 
individual operational amplifiers. The setting of each electronic potentiometer pair is controlled by an 
individual d.c. control voltage. The potentiometers operate by current division between the arms of 
cross-coupled long-tailed pairs. The current division factor is determined by the level and polarity of 
the d.c. control voltage with respect to an externally available reference level of half the supply voltage. 
Since the electronic potentiometers are adjusted by a d.c. control voltage, each pair can be controlled 
by single linear potentiometers which can be located in any position dictated by the equipment styling. 
Since the input and feedback impedances around the operational amplifier gain blocks are external, the 
TDA1074A can performs bass/treble and volume/loudness control. It also can be used as a low-level 
fader to control the sound distribution between the front and rear loudspeakers in car radio installations. 


Features 


@ High impedance inputs to both ‘ends’ of each electronic potentiometer 

© Ganged potentiometers track within 0,5 dB 

@ Electronic rejection of supply ripple 

@ Internally generated reference level available externally so that the control voltage can be made to 
swing positively and negatively around a well-defined O V level 

© The operational amplifiers have push-pull outputs for wide voltage swing and low current consumption 

The operational amplifier outputs are current limited to provide output short-circuit protection 

Although designed to operate from a 20 V supply (giving a maximum input and output signal level 

of 6 V), the TDA1074A can work from a supply as low as 7,5 V with reduced input and output 

signal levels 


QUICK REFERENCE DATA 


Supply voltage (pin 11) Vp typ. 20 V 
Supply current (pin 11) Ip typ. 22 mA 
Input signal voltage (r.m.s. value) Vi(rms) max. 6V 
Output signal voltage (r.m.s. value) Vo(rms) max. 6V 
Total harmonic distortion THD typ. 0,05 % 
Output noise voltage (r.m.s. value) Vno(rms) typ. 50 uv 
Control range Aa typ. 110 dB 
Cross-talk attenuation (L/R) Qt typ 80 dB 
Ripple rejection (100 Hz) “100 typ. 46 dB 
Tracking of ganged potentiometers AGy typ. 0,5 dB 
Supply voltage range Vp 7,5 to 23 V 
Operating ambient temperature range Tamb —30 to +80 °C 


PACKAGE OUTLINE 
18-lead DIL; plastic (SOT102). 
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Fig. 1. Block diagram and basic external components; I, (at pin 9) and I,2 (at pin 10) are control in- 
put currents; Vc (at pin 9) and Vc (at pin 10) are control input voltages with respect to Vref = Vp/2 
at pin 8; Z1 = 22 = Z3 = 24 = 22 kQ; the input generator resistance Rg = 60 82; the output load 


resistance Ry_ = 4,7 kQ; the coupling capacitors at the inputs and outputs are C; = 2,2 uF and Co = 10uF 
respectively. 
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Dual tandem electronic potentiometer circuit TDA1074A 


RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Supply voltage (pin 11) Vp max. 23 'V 
Control voltages (pins 9 and 10) tVoeq;+VeQ max. 1Vv 
Input voltage ranges (with respect to pin 18) 

at pins 3, 4,5, 6, 13, 14, 15, 16 Vi Oto Vp V 
Total power dissipation Prot max. 800 mW 
Storage temperature range Tstg —55 to + 150 °C 
Operating ambient temperature range Tamb —30 to +80 °C 


THERMAL RESISTANCE 
From crystal to ambient Rther-a = 80 K/W 


REMARK 


The difference between the TDA1074 and its successor the TDA1074A is shown in Fig. 2 as the 
different component configuration at pin 8. 


TOA1074 TDA1074A 


100nF 


| 7287192 


Fig. 2 Component configuration at pin 8 showing the 
difference between the TDA1074 and the TDA1074A. 
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APPLICATION INFORMATION 
Treble and bass control circuit 


Vp = 20 V; Tamb = 25 °C; measured in Fig. 3; Rg = 60 2; Ry > 4,7 kQ; Cy < 30 pF; f = 1 kHz; with 
a linear frequency response (Vj = Vc? = 0 V); unless otherwise specified 


Supply current (without load) 


Frequency response (—1 dB) 
Ve1 = Ve2=OV 
Voltage gain at linear frequency 
response (V_1 = Vo? = 0 V) 
Gain variation at f = 1 kHz 
at maximum bass/treble boost or 
cut at + Voq = + Veg = 120 mV 
Bass boost at 40 Hz (ref. 1 kHz) 
Ve2 = 120 mV | 
Bass cut at 40 Hz (ref. 1 kHz) 
—V¢2 = 120 mV 
Treble boost at 16 kHz (ref. 1 kHz) 
Ve1 = 120 mV | 
Treble cut at 16 kHz (ref. 1 KHz) ] 
—Vo1 = 120 mV | | 
| 
| 


Total harmonic distortion 


at Vo(rms) = 300 mV 
f = 1 kHz (measured selectively) 


f = 20 Hz to 20 kHz 


at Vo(rms) = 5 V 
f=1 kHz 


f = 20 Hz to 20 kHz 
Signal level at THD =0,7% 

(input and output) Vi; o(rms) 
Power bandwidth at reference 

level Vo(rms) = 5 V (—3 dB); 

THD =0,1% 
Output noise voltages 

signal plus noise (r.m.s. value) ; 

f = 20 Hz to 20 kHz Vno(rms) 


noise (peak value) ; weighted to 
DIN 45 405; CCITT filter 


Vno(m) 


* Gy = VolVi. 
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Dual tandem electronic potentiometer circuit TDA1074A 


Treble and bass control circuit 
parameter 


Cross-talk attenuation (stereo) 
f =1 kHz 


f = 20 Hz to 20 kHz 


Control voltage cross-talk to 
the outputs at f = 1 kHz; 
Ve1(rms) = Ve2(rms) = 1 mV 

Ripple rejection at f = 100 Hz; 
VP(rms) < 200 mV 


Vp (+20V) 


TA: veble (left) 
1B: treble (right) 
2A: bass (left) 
+ bass (right) 


Vi 1A 
(Rg) 
L 
22pF Vy 2A 
inputs 
AL >a 7kn 
R outputs to 
ifier 
Vv; 18 ‘ampli 
(Rg) 


TDA1074A 


(av) 7787195 


Fig. 3 Application diagram for treble and bass control. 
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TDA1074A 


APPLICATION INFORMATION (continued) 


7287185 


Fig. 4 Frequency response curves; voltage gain (treble and bass) as a function of frequency. 


7Z87187 


| 
j 
| | | | a | | 
—20 —+—+ 4 1 
-150 -100 -50 nt) 50 100 150 -150 -100 -50 0 50 100 150 


Veg imVi Veq im¥) 
Fig. 5 Control curve; voltage Fig. 6 Control curve; voltage 
gain (bass) as a function of gain (treble) as a function of 
the control voltage (V,9); the control voltage (V¢1); 
f = 40 Hz. = 16 kHz. 
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Dual tandem electronic potentiometer circuit TDA1074A 


7284087 


Fig. 7 Voltage gain (Gy = V,/Vj) control curves as a function of the angle of rotation (a) of a linear 
potentiometer (R); for curve numbers see table above; f = 40 Hz to 16 kHz. 


TDAI074A 


Fig. 8 Circuit diagram for 


measuring curves in Fig. 7. 
7284088.) 


7287188 


Vo (rms) 
(Vv) 


0) 10 20 yo «yy 30 


Fig. 9 Output signal level as a function of Vp; 
THD = 0,7%; f = 1 KHz; Veq = Ve2 = OV. 
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TDA1074A 


APPLICATION INFORMATION (continued) 
0,2 


7287189 


Fig. 10 Total harmonic distortion as a function of the output level; Vp = 20 V; RL = 4,7 kQ; 
Vo1 = Vc2 = 0 V (linear, Gy tot = 1). f=1 kHz; -—-———f=20 kHz. 


7287190 


0 reference 
level 


10 ¢ (kHz) 100 
Fig. 11 Power bandwidth at THD = 0,1%; reference level is 5 V (r.m.s.). 


gle te 2 eI ee PS 
0 10? 103 


104 { (Hz) 108 
Fig. 12 Cross-talk as a function of frequency; linear treble/bass setting (Vo = Ve? =0 V); Vj=5 Vv 
Rg =60 2; Ry =4,7kQ. 
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Dual tandem electronic potentiometer circuit TDA1074A 


Application recommendations 


1. If one or more electronic potentiometers in an IC are not used, the following is recommended: 

a. Unused signal inputs of an electronic potentiometer should be connected to the associated output, 
e.g. pins 3 and 4 to pin 2. 

b. Unused control voltage inputs should be connected directly to pin 8 (Vref). 


2. Where more than one TDA1074A IC are used in an application, pins 1 can be connected together; 
however, pins 8(V;ef) may not be connected together directly. 


3. Additional circuitry for limiting the frequency response in the ultrasonic range. 


from pin 
7 (12) 


4 (15) 


TDA1074A 


2(17) 


7287193 


(1) f_3 gg = 110 kHz at linear setting 
Fig. 13 Circuit diagram for frequency response limiting. 


4. Alternative circuitry for limiting the gain of the treble control circuit in the ultrasonic range. 


5 (14) 


TDAI0744 


7(12) 


6 (13) 


7287194 


For Rgq = Rs =3,3 kQ; f_3 gp = 1 MHz at linear setting 
For Rg = Rgg = 0 2; f_3 gg = 100 kHz at linear setting 


Fig. 14 Circuit diagram for limiting gain of treble control circuit. 
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TDA1510 
TDA1510A 


24 W BTL OR 2 x 12 W STEREO CAR RADIO POWER AMPLIFIER 


GENERAL DESCRIPTION 


The TDA1510/TDA1510A is a class-B integrated output amplifier encapsulated in a 13-lead single 
in-line (SIL) plastic power package. Developed primarily for car radio application, the device can also 
be used to drive low impedance loads (down to 1,6 2). With a supply voltage (Vp) of 14,4 V, an output 
power of 24 W can be delivered into a 4 2 Bridge Tied Load (BTL), or when used as a stereo amplifier, 
2x 12W into2 2or2x7W into4Q. 


Features 

@ Flexibility — stereo as well as mono BTL @ High output power 

@ Low offset voltage at the output © Large useable gain variation 
(important for BTL) ®@ Good ripple rejection 

@ Load dump protection @ Thermal protection 

@ A.C. short-circuit-safe to ground @ Low stand-by current possibility 

@ Low number, small sized external components @ High reliability 


@ {nternal limiting of bandwidth for high frequencies 


QUICK REFERENCE DATA 


parameter 


a 


conditions 


Supply voltage range: 
operating 
non-operating 
non-operating, load 
dump protection 


Repetitive peak output 
current 


Total quiescent current 
Stand-by current 


Switch-on current 


pins 1, 2, 
12 and 13 


Input impedance 


Storage temperature range 
Crystal temperature 


PACKAGE OUTLINES 


TDA1510: 13-lead SIL-bent-to-DIL; plastic power (SOT141B). 
TDA1510A: 13-lead SIL-bent-to-DIL; plastic power (SOT141C). 
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TDA1510 
TDA1510A 


LOAD 
pump | SOAR | THERMAL 


PROT. | PROT. |SHUT DOWN 


5 9 7286843 


Fig. 1 Functional diagram; heavy lines indicate signal paths. 
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TDA1510 
TDA1510A 


24 W BTL or 2 x 12 W stereo car 
radio power amplifier 


RATINGS 


Limiting values in accordance with the Absolute Maximum System (IEC 134) 


parameter 


Supply voltage : 
operating pin 10 
non-operating 


non-operating, 

load dump protection during 50 ms 
Peak output current 
Total power dissipation see Fig. 2 
Storage temperature range 
Crystal temperature 


20 7286577.1 


fool Neleset 1h 


fi SRR RRER SRSA 
Ce Peestel |) NSPE | 
BRGeedGeS ORR ENS ee 
SER SSL RREReS CANS ee 
belt Hefus Toticlon | | 1 TORS KT | 
Reet TCS | 


-20 0 20 40 60 80 100 120 140 160 
Tamb (°C) 


(a) 


72Z96815.1 


re NERVOUS Ree 
Prot GEa 
el dal i a i ali 
‘ REE || 


0 
-20 0 20 40 80 100 120 (40 Y40 
Tamb (°C) 


(b) 
Fig. 2 Power derating curves; (a) TDA1510, (b) TDA1510A. 
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TDA1510 
TDA1510A 


HEATSINK DESIGN EXAMPLE 


The derating of the encapsulation requires the following external heatsink (for sine-wave drive): 


TDA1510 (Rth j-mb) = 3 K/W 

24 W BTL (4Q) or 2 x 12 W stereo (2 2); maximum sine-wave dissipation = 12 W; 

Tamb = 65 °C (maximum): 

_ 150 —65 
12 

2 x 7 W stereo (4 2); maximum sine-wave dissipation = 6 W; 

Tamb = 65 °C (maximum): 

_ 150-65 _ 3 
6 


Rthh-a -—3=4K/W 


Rthh-a =11K/W 


TDA1510A (Rth j-mb) = 3,5 K/W 
24 W BTL (42) or 2 x 12 W stereo (2 22); maximum sine-wave dissipation = 12 W; 
Tamb = 65 OC (maximum): 

_ 150 — 65 


Rthh-a= =o 3,5 =3,5 K/W 


2 x 7 W stereo (4 2); maximum sine-wave dissipation = 6 W; 
Tamb = 65 °C (maximum): 
_ 150 — 65 


Rthh.a=——¢— — 3.5= 10,5 KW 


D.C. CHARACTERISTICS 


parameter 


| conditions symbol | min. | typ. max. unit 
Supply voltage range | 
| 
| 


| 
Repetitive peak output current lornm | - - 4,0 A | 
Total quiescent current ltot - 75 120 mA | 
Stand-by current Igb - - 2 mA | 
Switch-on current V41 = Vio;note 1 I50 0,15 | 0,35 | 0,80 mA | 
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TDA1510 
TDA1510A 


24 W BTL or 2 x 12 W stereo car 
radio power amplifier 


A.C. CHARACTERISTICS 
Tamb = 25 °C; Vp = 14,4 V; f = 1 kHz; unless otherwise specified 


Bridge Tied Load 
application (BTL) 


Output power 
with bootstrap 


note 6; 
RL =42 
Vp = 13,2 V 


dtot = 0,5% 15,0 

dtot = 10% 20,0 
Vp=14,4V 

dtot = 0,5% 18,0 

dtot = 10% 24,0 


75 
40,0 
20 to>20k 


Open loop voltage gain 


note 2 
at —3 dB; note 3 


note 4 


Closed loop voltage gain 


Frequency response 


Input impedance 


Noise output voltage 
(r.m.s. value) 


f = 20 Hz to 
20 kHz 
Rg =02 
Rg = 10kQ 
Rg = 10kQ; 
according to 
1EC 179 curve A 


Vn (rms) 
Vn (rms) 


Vn (rms) 


Supply voltage ripple 
rejection 


f= 100 Hz;note5 | SVRR 


D.C. output offset 
voltage between 
channels 


|AVs.9l 


Power bandwidth 


30 to>40k | — 
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TDA1510 
TDA1510A 


A.C. CHARACTERISTICS (continued) 


-———_— 


Parameter 


Stereo application 


Output power; with 
bootstrap 


Output power; without 
bootstrap 


Frequency response 


Supply voltage ripple 
rejection 


Channel separation 


Noise output voltage 
(r.m.s. value) 
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Closed loop voltage gain 


conditions 


note 6; 

RL =42 

Vp = 13,2 V 
Gtot = 0,5% 
dtot = 10% 

Vp=14,4V 
dtot = 0,5% 
rot = 10% 

RL =22 

Vp = 13,2 V 
dtot = 0,5% 
dtot = 10% 

Vp=14,4V 
dtot = 0,5% 
dtot = 10% 


notes 6, 8 and 9 
RL =4Q 
Vp=14,4V 
dtot = 10% 
notes 3 and 6 
-3 dB 


note 5 
f=1kHz 
Rs = 10 kQ; 
f=1kHz 
note 7 


f = 20 Hz to 

20 kHz; 

Rs =02 

Rg = 10kQ 

Rs = 10 k22; 
according to 
1EC179 curve A 


SVRR 


Vn(rms) 
Vn(rms) 


Vn(rms) 


45 = 
6,0 - 


== 


5,5 - 
7,0 = 


== 


75 - 
10,0 - 


== 


12,0 - 


6 - Ww 


40 to>20k)| — Hz 


50 - dB 


50 
40,0 


0,15 
0,25 


0,2 


TDA1510 
TDA1510A 


24 W BTL or 2 x 12 W stereo car 
radio power amplifier 


Notes to the characteristics 


1. If V4 > V4 then 1114 must be < 10 mA. 

2. Closed loop voltage gain can be chosen between 32 and 56 dB (BTL), and is determined by external 
components. 

3. Frequency response externally fixed. 

4. The input impedance in the test circuit (Fig. 3) is typ. 100 kQ. 

5. Supply voltage ripple rejection measured with a source impedance of 0 2 (maximum ripple 
amplitude 2 V). 

6. Output power is measured directly at the output pins of the IC. 

7. Closed loop voltage gain can be chosen between 26 and 50 dB (stereo), and is determined by external 
components. 

8. A resistor of 56 kQ between pins 3 and 7 is required for symmetrical clipping. 


9. Without bootstrap the 100 uF capacitor between pins 5 and 6 and the 100 uF capacitor between 
pins 8 and 9 can be omitted. Pins 6 and 8 connected to pin 10. 
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TDA1510 
TDA1510A 


APPLICATION INFORMATION 


0,22 pF TDA1510 
TDA1510A 


7Z89091.5 


(1) belongs to power supply 


Fig. 3 Test and application circuit; Bridge Tied Load (BTL). 


100k2 100k2 
=] =a 


= 
= 1) 


TDA1510 
TDA1510A 


72Z89092.4 
(1) belongs to power supply 


Fig. 4 Test and application circuit; stereo mode. 
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Philips Components — a worldwide company 


Argentina: PHILIPS ARGENTINA S A. Div. Philips Components, 
Vedia 3892, 1430 BUENOS AIRES, Tel. (01) 541-4261 
Australia: PHILIPS COMPONENTS PTY Ltd, 11 Waltham 
Street, ARTARMON, N.S W. 2064, Tei. (02)439 3322, 
Austria: OSTERREICHISCHE PHILIPS INDUSTRIE G.m.b.H., 
UB Bauelemente, Triester Str 64, 1101 WIEN, 
Tel. (0222) 60 101-820. 
Belgium: N.V. PHILIPS PROF SYSTEMS - Components Div., 80 
Rue Des Deux Gares, B-1070 BRUXELLES, Tel. (02) 5256111 
Brazil: PHILIPS COMPONENTS (Active Devices): Av. Brigadeiro 
Fania Lima, 1735-SAO PAULO-SP, Tel. (011) 211-2600. 
PHILIPS COMPONENTS (Passive Devices & Matenais): Av. 
Francisco Monteiro, 702-RIBEIRO PIRES-SP, 
Tel. (011) 459-8211. 
Canada: 


Chil HILIPS CHILENA S.A, Av. Santa Maria 0760, 
SANTIAGO, Tel. (02) 7738 16. 

Sombie IPRELENSO LTDA , Carrera 21 No. 56-17, BOGOTA, 

Box 77621, Tel. (01) 2497624. 

Demet HILIPS COMPONENTS AVS, Prags Boulevard 80, 
PB1919, DK-2300 COPENHAGEN S, Tel. 01-54 1133 

inland: PHILIPS COMPONENTS, Sinikaliiontie 3, SF-2630 
ESPOO HELSINKI 10, Tel. 358-0-50 261. 

France: PHILIPS COMPOSANTS RTC-COMPELEC, 117 Quai du 
Président Roosevelt, 92134 |SSY-LES-MOULINEAUX Cedex, 
Tel. (01} 40938000. 

(Fed. Republic): VALVO, UB Bauelemente der Philips 
G.m.b.H., Valvo Haus, Burchardstrasse 19, D-2 HAMBURG 1, 
Tel. (040) 3296-0. 

Greece: PHILIPS HELLENIQUE S.A , Components Division, No. 
15, 25th March Street, GR 17778 TAVROS, 

Tel. (01) 4894339/4894 911. 

Hong Kong: PHILIPS HONG KONG LTD., Components Div., 
SIF | ind. Bldg. 24-28 Kung Yip St., KWAI CHUNG, 
Tel. (0)-4245 121. ’ 

India: PEICO. is Den Baa ELECTRICALS LTD., 


Pakistan: PHILIPS ELECTRICAL CO. OF PAKISTAN LID, 

Philips Markaz, MA. Jinnah Rd., KARACHI-3, 

Tel. (021) 725772 

Peru: CADESA, Av Pardo y Aliaga No. 695, 6th Floor, San Isidro, 
LIMA 100, P.O. Box 5612, Te!. (014) 707080. 

Philippines: PHILIPS INDUSTRIAL DEV INC, 2246 Pasong 
Tamo, P.O. Box 911, Makati Comm. Centre, 
MAKATI-RIZAL 3116, Te!. (02) 868951 to 59 

Portugal: PHILIPS PORTUGUESAS AR L., Av Eng Duarte 
Pacheco 6. 1009 LISBOA Codex, Tel. (019) 6831 21 

Singapore: PHILIPS SINGAPORE, PTE LTD., Components Div, 
Lorong 1, Toa Payoh, SINGAPORE 1231, Te! 3502000 

South Africa: S.A. PHILIPS PTY LTD. Cormponents Division, 
JOHANNESBURG 2000, P.O Box 7430. 

Spain: PHILIPS COMPONENTS, Balmes 22, 08007 
BARCELONA, Tel. (03) 301 6312. 

Sweden: PHILIPS COMPONENTS, A.B, Tegeluddsvagen 1, 
$-11584 STOCKHOLM, Tel. (0}8-78 21 000 

Switzerland: PHILIPS A.G., Components Dept, 
Alimendstrasse 140-142, CH-8027 ZURICH, 

Tel. (01) 48822 11. 

Taiwan: PHILIPS TAIWAN LTD., 150 Tun Hua North Road, 

P.O. Box 22978, TAIPEI, Taiwan, Tel. (02) 71 20500. 

Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD., 

283 Sitom Road, P.O. Box 961, BANGKOK, 
Tel. (02) 233-6330-9. 

Turkey: TURK PHILIPS TICARET A\S., Philips 
Components, Talatpasa Cad. No. 5, 80640 
LEVENTASTANBUL, Tei. (01) 1792770. 

United Kingdom: PHILIPS COMPONENTS LTD., Mullard 
House, Torrington Piace, LONDON WC1E 7HD, 

Te!. (01) 5806633. 

United States: (Cojour picture tubes — Monochrome & Coiour 
Dispiay Tubes} PHILIPS DISPLAY COMPONENTS 
COMPANY, detekins od P.O, box 963, ANN 
ARBOR. Michigan 48106, Tel. 313/996-9400. 
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